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SECTION  1 


StMlAIT  AMD  KKnOMHEMDATIONS 


1.1  SOWMEY 

A  eoBpr«h«aaiv«  tcehalqiM  for  datanlalog  th*  Mgaitud*  of 
poeoticiol  UuDch  hasords  la  dovalofod  aa  an  Intanadiato  atap  In  tha 
procar^  of  aalaetlnt  opCla»  launch  altaa  for  vary  hi||h«Chr«ict  booatar 
cnglnaa,  from  tha  atandpoint  of  aafaty.  Thraa  eharactarlatic  launch 
alta  hasarda  ara  cooaidarad:  acouatlca,  axploaiona,  and  toxicity. 

The  alting  criteria  dcvalopad  ara  generally  appllcabla  to  aoat  potantla) 
launch  aitaa. 

Tha  trend  in  davalopaant  of  hlgh'thruat  booatar  syetaaa  In 
tha  1.0  to  10  nil  lion  pound  thruat  category  la  briefly  cxaailaad. 

Engine  alzaa,  tankage  and  conflguraclona,  and  propellant  conblnatlona 
ara  dlacuaaed  in  turn  to  eatab7.1ah  reallatic  boundarlaa  for  the 
aubae4|uent  aaseaaaaat  wl  hererda. 

Procedurea  and  data  for  eat  lasting  the  acouatlc,  exploalve, 
and  toxicity  hazarda  are  next  given.  Where  appropriate,  the  launch 
hazarda  data  are  expreaead  aa  a  function  uf  altc  envlronnent  for  given 
booater  aizea  and/or  configurer  Iona. 

In  order  to  llluatrate  the  alte  aelectlcn  procedure  a 
hypothetical  three  atage  launch  vehicle  (9  nllllon  pounda  thiuat), 
and  a  proapectlve  launch  area  with  reallatic  envlronawntal  conditluna 
are  poatulated.  The  reaultlng  hazard  eatlnataa  are  employed  to  specify 
a  particular  launch  complex  location  and  configuration,  and  to  eatabUbh 
launching  conatralnta  Impoaed  by  the  aaauned  envlronnent. 

Several  field  surveys  are  found  aecetsary  *^0  provide  critical 
dara  about  potential  launch  tltea  for  the  tsaeataient  of  hazarda.  Two 
of  these,  an  acoustical  measurenent  program  and  gas  release  teats,  are 
described  ia  the  appendices. 


1.2 


RECOHHENDATIONS 


Having  cxhauatad  avaiUbls  •oi'fcas  of  launch  hazarda  information, 
and  having  tranaformad  partinant  dat..'  into  unable  aiting  criteria.  It  is 
now  appropriate  to  outline  how  thcec  reaulta  might  be  applied  at  the 
Pacific  Miaaile  Range.  The  Naval  MiasiL.;  FaciUiy  at  Point  Argucllo, 

NMFTA  and/or  the  Channel  laianda  repreaent,  aa  a  firat  approximation, 
feasible  areaa  from  which  the  larger  taisaile  booater  systems  of  the 
not'too-dlstant  future  can  be  launched.  In  the  absence  of  specific 
program  requirements  it  is  expedient  to  assess  the  hazards  associated 
with  these  sites  by  virtue  of  prevailing  environmental  conditions. 
Climatological,  geographical,  geological,  and  oceanographical  factuta 
strongly  influence  the  hazard  magnitude  and  consequences. 

Needless  to  say,  as  the  booster  engine  sizes  and  propellant 
';uantitiea  increase,  and  as  Higher  energy  fuels  are  employed,  so  too 
will  the  hazards  Increase;  more  than  ever  will  the  emphasis  be  on 
safety.  Safe  launch  operations  are  best  assured  by  giving  due  regard 
to  potential  hazards  early  in  the  site  selection  auU  site  development 
phases  of  facility  activation.  The  need  for  devoting  eifort  inscdiately 
in  .  feparation  for  the  ultimate  maxianai  utilization  of  NMFPA  and 
vl«.<.niCy  is  apparent. 

Two  significant  steps,  requiring  no  prerequisites,  can  be 
taken  immediately.  Further  action  would  be  contingent  upon  the 
results  obtained  therefrom.  These  iamwdiate  steps  are; 

a.  Conduct  a  comprehensive  acoustical  field  survey  at  NMFPA 
to  detect  the  presence  of  any  unusual  nodes  of  sound  propagation, 
both  for  airborne  and  ground  iiansmlssions.  Sound  transmissions 
iii  air  can,  under  the  influence  of  terrain  and  weather  conditions, 
deviate  markedly  from  the  theoretical  free  space  situation,  thus 
’’oquiring  unreasonable  separation  distances  between  source  and 
personnel  to  be  protected.  Acoustically  Induced  ground  vibrations 
can  cauue  critical  displacements  to  sensitive  range  instriasentstion. 

A  complete  description  of  tbo  required  acoustic  measurement  program 
is  given  in  Appendix  A. 

b.  Conduct  gas  release  and  atmospheric  diffusion  tests  at  NMFPA 
to  determine  representative  values  of  the  critical  meteorological 
constants  which  influence  gas  dispersion.  These  te.sts  are  described 
Cully  in  Appendix  B.  The  oblective  is  to  correlate  gar  diffusion 
paraMters  with  prevailing  terrain  and  pro^'ide  a  jusis  for  stipulating 
maximum  safe  quantitlea  of  toxic  propellants  which  can  be  handled. 

Both  of  the  above  field  sur''eys  reorearnt  worthwhile  cont ribuL ions 
to  the  advancement  of  safety  at  *he  Pacific  Missile  Range. 


SECTION  2 


INTBODUCTICM 


The  activities  conducted  in  launch  areas  are  Inherently 
hasardous  beciuse  of  the  operation  of  hlglfcnergy  systens  designed 
to  obtain  naxisiuBi  perfonsance  from  Missiles  and  space  vehicles. 

Three  types  of  hazsrds  that  exist  during  static  firing  or  launching 
of  chenical  rockets  are  acoustics,  explosions,  and  toxicity.  These 
hazards  may  exial  not  only  for  the  launch  conplex  in  operation,  but 
also  extend  to  adjacent  launch  conplexas  or  other  facilities. 

For  subsequent  generations  of  chenlcal  propulsion  systeas 
(those  providing  upwards  of  one  Million  pounds  thrust,  and  upper 
stage  engines  utilizing  higher  energy  fuels)  the  potential  launch 
hazards  will  assune  even  greater  proportions.  The  ability  to  launch 
these  vehicles  will  depend  strongly  upon  site  location,  separation 
of  launch  pad  from  adjacent  facilities,  and  other  precautions  taken 
to  nininize  hazards  to  personnel  and  equipMent.  The  first  step  in 
meeting  this  challenge  is  to  assess  the  potential  hazards  ond  establish 
safe  criteria  for  location  and  developMent  of  pertinent  range  facilities. 


2.1  FURFOSE  AMD  SOOFE 

The  primary  objective  of  this  study  is  to  establish  site 
selection  criteria  which  will  mlninlze  the  hazards,  associated  with 
launchings  o^  high'thrust  booster  vehicles  and  of  upper  stage  rockets 
utilizing  high  energy  propellants. 

The  present  report  is  intended  to  fulfill  only  this  primary 
objective.  Three  preliminary  reports  were  submitted  earlier  to 

(1)  define  techniques  for  predicting  the  magnitude  of  the  hazards, 

(2)  determine  maxini'jm  tolerable  hazards,  and  (3)  prescribe  safety 
prartices. 
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Siting  rrltprla  developed  herein  are  a'lplicablc  both  to  the  selection 
of  land  areas  suitable  for  a  launr  >  'omplex  as  well  as  for  the  first- 
order  siting  of  facilities  within  .1  ljunch  cotnplex.  This  and  the 
previous  reports  are  oriented  more  '.oward  the  needs  of  personnel 
responsible  for  range  planning  and  development,  rather  than  for 
range  operation. 

The  preliminary  reports  completed  previously  are: 

(1)  "AlousMcsI  Hazards  of  Rocket  Boosters" 

Volume  1  •  Phy'^cal  Acoustics 
Volume  II  -  F.ffects  on  Man 

(2)  "Explosive  Hazards  of  Rocket  Launchings" 

(3)  "Toxic  Hazards  o£  Rocket  Propellantc" 

2 . 2  METHOD  OF  APPROACH 

It  had  been  specified  that  the  hazards  analyses  particularly 
stress  the  influence  of  general  environmental  conditions  upon  Che 
magnitude  and  effects  of  launch  hazards.  Therefore,  relationships 
were  detemlred  wherever  possible  that  would  indi<-Ate  the  environinental 
deocndeiice  ol  launch  hazards.  The  major  environmental  factors 
considered  were  clisuiCologicsl  and  topographical. 

The  results  of  this  report  may  be  applied  to  either  of  two 
situations: 

c  Where  a  particular  launch  vehicle  configuration  is  known  and 
it  Is  desired  to  make  a  preliminary  chlce  of  prospective  launch  sites. 

b.  Where  a  particular  launch  site  is  available  and  It  is  desired 
to  determine  the  limitations  on  launch  operations  iieces.sary  to  ensure 
safety  to  both  on-  and  off-sJte  personnel 

In  either  case,  the  environmental  charactorlsl t ics  of  a  site, 
or  of  prospective  sites,  must  he  knor/n  or  determined  ty  field  surveys 
before  the  launch  hazards  may  be  reliably  estimated.  Only  then  can 
the  proper  steps  be  taken  to  enhance  the  ultimate  safety  of  launch 
operat Ions . 

It  Is  emphasized  Chat  the  task  has  been  limited  to  a  search 
of  the  available  literature,  a  survey  of  probable  data  sources,,  and 
an  analysis  of  the  resultant  inforoiatlon;  no  evper imeiital  work  waJ 
authorized 
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2.3  FMR  SITING  CONSIDEKA'i IONS 


The  Pacific  Miaeile  fUiiKe  har  no  rigid  boundaries  and  can 
therefore  accoaaaodate  a  host  of  laiaalles,  satellites,  and  space 
probes.  Potential  launch  sites  foi  boocter  vehicles  exist  throughout 
the  range  froai  the  nalnland  at  Point  Arguello  to,  and  including, 
hundreds  of  downrange  Islands  (see  nap  In  Pig.  2-1).  Although  the 
Naval  Missile  Facility  at  Point  Arguello  (see  nap  In  Fig.  2-2) 
currently  Is  well  equipped  both  by  natural  and  by  nan-nade  facilities 
to  handle  moat  of  the  present-day  requlresMints,  there  1*  some  indication 
that  higher-thrust  boosters  will  desMnd  a  unique  launch  envlronsent 
not  readily  found  on  the  aiainland.  If  for  no  other  reasons,  safety 
considerations  will  iapose  ever-increasing  physical  separations  between 
launch  pad  and  supporting  facilities.  UltlsMtely  the  reanteness  of 
small,  semi-daaerted  islands,  employed  in  conjunction  with  mobile 
launching  pads,  may  offer  compelling  advantages. 

It  Is  difficult  to  state  the  limits  in  booster  slse,  or  the 
act  uf  operating  conditions  which  would  vitiate  the  obvious  advantages 
of  a  mainland  launch  site.  This  is  a  cotaplex  problem  Involving  much 
more  chan  an  e<‘« tiou  of  launch  hasards. 

T^4a  Imminency  of  large  boosters  Is  Indicated  In  Table  ?-I, 
the  data  for  which  Is  based  upon  an  analysis  of  piesant  and  extrapolated 
scheoules  tor  Department  of  Defense  and  National  Aeronautics  and  Space 
Administration  programs.  The  need  for  initiating  supporting  studies 
conceriiltig  launch  hazards  and  siting  requlreawnts  la  manifest. 


TABLE  2-1 

SUttAIT  or  PREDICTED  LAUNCHINGS 


BOOSTER  THRUST  RATING 
(million  pounds) 

1 FISCAL  YEAR 

BI 

65 

Q] 

B! 

EZI 

0.5  to  1.5 

i 

i 

2 

1 

1 

■ 

11 

11 

1.5  to  9.0 

1 

0 

B 

1 

2 

4 

5 

FIG.  2-1  Till  CXNTRA7,  PACIFIC  OCEAN 


ric.  2-2  TOE  NAVAL  MIMILE  FACILITIIS  AT  FOUCT  .MCUELLO 
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Sitlnfc  re<|ulreMuCii  for  o  spcciffc  range  prograa  arc  baaed 
upon  aore  than  the  haaards  aapecr:  particular  trajectoriea  nuat  be 
Ceaaible,  and  proper  Inatrunentatlon  awat  ba  aMde  available.  Other 
considerationa  involved  in  the  aelection  of  launch  aitea  Include  the 
following  tactora: 

a.  Site  location 

b.  Site 

c.  Topography  and  hydrography 

d.  Cllaate  (teag>erature,  rainfall,  winda) 

e.  Biota  (flora  and  fauna  of  a  region) 

f.  Oi*ncrahip 

g.  Population 

h .  Land  uae 

i.  Exiatiog  facilltiea 

J.  Acceaa  (by  air  or  by  aea) 

k.  Water  aupply 

l.  Geologic  thre.ita  (volcanic,  land  ahifta) 

A  diacuaaion  of  theac  conaiderationa ,  aaide  from  their  direct 
effect  on  the  launch  hatardt,  is  not  within  the  scope  of  this  report. 
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SECTION  3 

HICR-TRRUST  VEHICLES 


Crit«ri«  for  the  select  Ion  of  Isunch  sites  ere  dependent 
upon  nany  of  the  ssac  peren>sters  that  describe  vehicle  pcrfonsence. 

A  knowledge  of  vehicle  weight  and  propellant  cond>lnatlon  Is  necasssry 
to  establish  launch  facility  requlreiMnts.  Tbase  data  concerning 
Mgh'Chrust  vehicles  arc  determined  from  system  slsing  studies. 

The  thrust  (F)  developed  by  a  rocket  engine  depends  upon 
the  propellant  mass  flow  rate  (0  pounds  per  second)  and  the  specific 

impulse  (I  pounds  of  thrust  per  pound  of  propellant  flow  per 

•P 

second).  It  Is  expressed  by 

F  ■  C  1^^  pounds  (3“1) 

Booster  performance  is  also  dependent  upon  the  specific 
impulse,  which  is  a  function  of  the  chosen  fuel  and  oxidiscr,  and 
the  ratio  of  propellant  weight  to  the  total  weight.  Velocity  at 
booster  burnout  (V.  )  is 

'b.  •  ■  •  •  wj)  •  “  -  <= 

where  C  ai>U  0  are  the  gravitational  and  drag  losses,  respectively, 

W 

and  ^  is  the  ratio  of  booster  propellant  weight  to  the  weight  of 

I 

the  missile  assembly. 

From  a  performance  standpoint  the  specific  impulse  and 
the  propellant  loading  fractions  a*-*  important  parameters.  In 
;;encral,  the  apecific  impulses  arc  higher  for  the  less  dense  propel  1 s 
(liquids)  while  the  propellent  loading  fractions  are  higher  for  the 
more  dense  propellants  (solids).  Trade-offs  between  these  two 
parameters  provide  criteria  for  the  selection  of  a  propellant  system. 
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Other  factors  which  Influence  Lhe  booster  system  configuration 
are  rellabill'./  requirements,  bot'8ti*r  recrtver»b<  1  Ity  considerations, 
t.^st  facility  needs,  production  p<'obleins,  and  the  overall  cost  of 
accoaq>lishing  a  given  mission. 
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3.1  VEHICLE  CONFIGURATIONS 

High'thrust  vehicles  may  employ  a  single  engine  (the  F-1 
engine  will  provide  1.5  million  pounds  of  thrust)  or  s  cluster  of 
smaller  engines  (Saturn  will  utilize  eight  K-I  engines  for  a  tots) 
of  1.5  million  pounds  of  thrust).  Individual  engines  within  a 
cluster  or  multistage  complex  may  also  qualify  as  a  high-thrust 
system  (the  Nova-type  vehicles  will  eaq>loy  a  cluster  of  six  F-1 
engines  for  9  million  pounds  of  thrust]^ 

TWO  versions  of  the  Saturn  vehicle  are  presently  cnvialoncd; 
the  C-1  (3-stagc)  and  the  C-2  (4-8tage)  configurations.  Pertinent 
characteristics  are  given  In  Table  3-1. 

The  Saturn  booster  section  is  22  feet  it.  JiameLet  au<l  80 
feet  in  length.  It  contains  eight  70- inch  diameter  tanks  centered 
around  one  tank  105  inches  In  diameter.  The  eight  engines,  shrouds, 
and  associated  plumbing  essentislly  complete  the  missile  structure. 
Totsl  main-stage  ptopcllant  capacity  is  750,000  pounds. 

The  Rocketdyne  F-1  engine  is  being  developed  under  NASA 
contract  for  a  Nova-type  vehicle.  Typical  mlsaions  Tor  the  Nova- 
type  vehicle  powered  with  high-energy  upper  stages  are  illustrated 
in  Fig.  3-1. 

There  ere  two  ways  in  which  a  cluster  of  six  identical 
engines  can  be  .arranged  to  obtain  minisMm  cluster  diameter.  A 
configuration  of  aix  engines  ai,anged  uniformly  along  the  circumference 
of  a  circle  will  yield  a  cluster  diameter  equal  to  three  times  the 
diameter  of  a  single  engine.  Likewise,  a  configuration  of  five 
engines  spaced  regularly  around  a  middle  engine  will  result  in  the 
same  cluster  dismctcr.  A  triangular  arrangement  of  the  six  engines 
Is  also  possible,  but  with  slight  increase  In  cluster  diameter. 

Each  configuration  offers  siternsle  possibilities  for  fixed  and 
gimbaled  engines. 
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TABLE  3-1 


SATURN  CHARACTERISTICS 


ParoMter 

Stage 

C-l  Configuration 

C-2  Configuration 

Engine  Type^ 

1 

6  H-1 

8  H-1 

II 

4  LR-115 

4  J-2 

and  Quantity 

III 

2  LR-ns 

4  Ut-llS 

IV 

2  U-llS 

I 

1.50 

1.50 

II 

0.08 

0.80 

Nominal  Thrust 

III 

0.04 

0.08 

(Pounds  X  10^) 

IV 

- 

0.04 

I 

LOj/RF-l 

LOj/RP-l 

Propellant  ^ 

II 

L0,/LH, 

Configuration^ 

(Ox  id iter /Fuel) 

III 

102/^2 

LOj/LHj 

IV 

LDj/lUj 

I 

530,000 

460,000 

Oxiditcr  Weight 

II 

94.OCO 

172,000 

(Founds) 

III 

22,700 

62,500 

IV 

22,700 

I 

220,000 

190,000 

Fuel  Weight 

II 

26,000 

48,000 

(Pounds) 

III 

6,300 

17,500 

IV 

- 

6,300 

Propellant  Weight 

All 

899,000  lbs. 

979,000  lbs. 

Approx.  Height 

185  ft. 

230  ft. 

NOTES:  1.  H-1  and  J-2  arc  Rocketdyne  dcafgnations ;  i.R-113  Is  a  Pratt  6  lAilrney 

designation. 

2.  U)2  and  U(2  are  liquid  cxygcn  and  hydrogen,  respectively.  RP-1  is 
hydrocarbon  (kerosene)  fuel. 

3.  Including  payload. 
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HOON  LAWlNn  AMD  RETURN  KARS  SATELLITE  EARTH -ORR IT  VEHICLE 

OR 

24 -HR  EARTH  ORBIT 


FlC.  1-1  TYPICAL  NOVA-TYPE  VEHICLES^ 
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According  to  induocry  officials,  solid  rocket  sK>Cors  can 
be  developed  to  produce  ehru'la  In  the  neighborhood  of  20  ■illion 
pounds.  A  possible  configuration  would  consist  of  seven  clustered 
engines  each  approzimately  100  feet  long  and  10  feet  In  dlasMter. 
Aerojet  is  engaged  In  the  prellsilnary  design  of  solid  boosters  of 
up  to  7  Bill  Ion  pounds  gross  weight,  with  thrusts  of  2  to  3  times 
gross  weight.  Developments  are  now  In  progress  for  a  segmented 
solid  rocket  of  over  one  million  pounds  thrust. 


3.2  PIOPELLAirr  OOmiRATIOMS 

Insofar  as  the  higher  thrust  engines  are  concerned, 
major  emphasis  has  been  and  is  now  being  given  to  lliiuid  propellants 
Solid  rockets  are  generally  considered  more  reliable  and  have  a 
higher  propellant  loading  fraction  than  liquid  rockets,  but  lower 
specific  impulse.  Very  large  solid  boosters  pose  some  difficult 
manufacturing  problems.  The  explosive  hasard  of  large  solid 
propellant  boosters  is  judged  to  be  high. 

A  summary  o*  sine le-chamber  liquid  propellant  engines 
currently  available  or  under  developsmnt  is  given  in  Table  3>II. 
Although  present  development  work  for  *'ery  large  booster  engines 
Is  baaed  on  the  use  of  liquid  oxygen  and  petroleus'  fuel  <RF-1) 
the  eventual  choice  may  become  nitrogen  tetroxide  and  hyucasine- 
UOMR,  depending  upon  the  experiences  with  storable  Titan  II. 
Similarly,  success  with  the  200,000  pound  thrust  J-2  engine  could 
Inspire  future  development  of  larger  engines  employing  the  all* 
crvogenic  coad>lnation  of  liquid  oxygen  and  liquid  hydrogen,  "one 
pertinent  characteristics  of  popular  liquid  propellant  combinations 
sre  given  in  Table  3*III. 

Current  types  of  solid  propellants  with  matal  additives 
esn  deliver  a  sped tic  impulse  of  about  230’  seconds  (chamber 
pressure  of  1,000  psl  at  sea  level).  New  compositions  with 
specific  impulses  up  to  300  seconds  are  under  devclopsmnt.  Typical 
of  these  smterlals  are  nltropolyursthane  with  lithium  aluminum 
hydride  and  ammonium  percMcrate^and  fluoramine  polymers  with 
beryllium  hydride. 


I 


I 

I 
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TABLE  3-II 

LTQ'JIS  PROBELLANT  ENGINES  (SINGLE  -  CHAMBER) 


Thruac 

(thousands  of  lbs) 

Propellant  Coaiblnatiuns 

10  to  25 

LOj/LHj  ,  Li  2  /LH^  ,  LF^  /NjH^ 

25  to  500 

LOj/LMj  ,  LOj/KP-l,  NjO^/NjH,,  -UDMl 

Unknown,  If  any 

Smm 

LOj/RP-l 
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Thecretic«l  a^ixiavM  based  oa  optiau*  aaa  laval  axpansion  froai  1,000  psia  chaaber  prasaura.  Ljv  value 
indicates  condition  of  fixed  exhaust  coaposition;  high  value  Is  for  shifting  cooposition. 


Hybrid  rocket  enginei,  in  wMch  a  storable  liquid  oxidizer 
is  sprayed  Into  a  combuslon  cha'^ber  lined  with  a  solid  fuel,  are 
receiving  mre  attention.  A  Thiokol  unit  uses  fualng  nitric  acid 
or  nitrogen  tetroxlde  and  a  aetal- loaded  plastic  fuel.  Becco 
Cheaical  has  reported  a  theoretical  specific  laipulse  of  29A  second* 
for  aluelnuB*enriched  polyethylene  In  cosiblnatlon  with  99  percent 
hydrogen  pernxide. 

The  nuclear  rocket  engine  Is  a  serious  contender  for  large 
booster  systesis.  High  specific  Itipulscs  are  expected  to  be  achieved 
with  the  utilisation  of  liquid  hydrogen  and  a  nuclear  reactor  heat 
source.  Disadvantages  are  the  low  density  of  liquid  hydrogen,  the 
inherent  weight  of  the  reactor  systea,  and  the  hasards  associated 
with  radiation  froai  the  reactor  operation  and  froai  fission  by¬ 
products.  Nuclear  propulsion  hasards  are  currently  under  Investigation 
by  the  U.  S.  Naval  Radiological  Defense  Laboratory  with  the  sponsorship 
of  the  Pacific  Missile  Range. 
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SECTION  4 


LAUNCH  HAZARDS 


The  hezards  asaociatcd  with  the  launch  of  a  large-bcoater 
rocket  can  be  broken  down  Into  three  categories:  acoustical,  explosion, 
and  toxicity. 

Acouatical  hazard  results  from  the  turbulent  nixing  of  the 
high  velocity  exit  gases  with  the  surrounding  aisipsphere  The  acoustical 
(Mwcr  radiated  docs  not  usually  exceed  one  or  two  per  cent  of  the  total 
■echanical  strean  power  of  the  exhaust  gases.  Daaugiog  ground  vibrations 
and  high  sound  pressure  levels  are  possible  at  large  distances  from  the 
vehicle  depending  on  the  ground  and  sub*strata  at  the  particular  site, 
adjolnii^  terrain,  weather  conditions  at  the  tine  of  launch,  and  size 
and  pcrforaance  of  the  rocket  propulsion  systca.  Acoustical  hazards 
exist  independent  of  malfunctions*  they  arc  always  preaenr  during  launch. 

Explosion  hazards,  as  described  here,  result  from  the  rapid 
uncontrolled  combination  of  chemical  propellanta  which  creates  a 
shock  wave  or  an  overpressure.  Therefore,  this  hazard  covers  both 
explosions  and  deflagrations.  Explosion  hazards  arc  dependent  upon 
a  sMlfunctlon  and  since  absolute  reliability  is  unrealistic,  an 
explosion  or  deflagration  will  very  likely  be  encountered.  The  sMgnitude 
of  the  hazard  is  usually  expressed  by  denoting  the  PIT  equivalence  of 
the  particular  propellants  used  in  the  rocket  engine  and  describing  the 
mixing  and  ignition  processes. 

Toxicity  hazards  result  from  the  vaporization  of  propellants 
and  subsequent  diffusion  by  the  atmosp^'ere.  A  degree  of  toxic  hazard 
i»  present  nt  all  times  because  spillage  and  leaks  occur  during  normal 
handling  and  storage  of  rocket  propellants.  Rocket  exha’jst  products  are 
another  menace,  but  the  major  concern  is  with  malfunctions  causing  the 
release  of  large  quantities  of  propellant.  The  present  guidepost  for 
toxicity  hazards  is  <  he  eight  hour  naximisn  allowable  concentration  (MAC) 
for  each  propellant. 
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This  section  briefly  s  smarizes  the  preliminary  Aeronutronic 
reports  described  in  Section  2  (Ref  1,  2,  3,  ^i)  and  presents  working 
graphs  and  data  from  which  to  eSkimate  the  msgnitude  of  launch  hazards. 
Detailed  data  ••tM>uL  particular  rocket  propellants  are  presented  in 
Appendix  C. 


4.1  ACOUSTICAL  HAZARDS 

Rocket  noise  causes  physical  and  physiological  problems  at 
the  launch  site  and  in  adjoining  areas.  Representing  physical 
problems  are  structural  or  component  failure  resulting  from  excessive 
vibrations  induced  acoustically.  Physiological  problems  involve 
damage  to  personnel,  restriction  of  coosminication,  and  reduced  ability 
of  an  Individual  to  accomplish  required  tasks.  Rocket  noise  will  also 
affect  coosnunity  reaction  against  the  use  of  a  launch  site  when  sound 
levels  are  excessive.  The  n<oans  for  estimating  the  overall  acoustical 
hazards  are  dismased  in  thin  s'-ction. 

4.1.1  Rocket  Engine  Noise 

Rocket  engine  noise  sources  include:  turbulent  mixing  of 
the  exhaust  gases  with  the  surrounding  medium;  Interaction  of  turbulence 
eddies  and  thermal  fluctuations  with  any  shuck  waves  In  the  exhaust; 
pressure  fluctuations  in  the  engine  chamber,  particularly  during 
combustion  instability;  and  vibrations  of  the  chamber  walla.  Such 
a  noise  field  is  characterized  by  randum  pleasure  fluctuations, 
continuous  and  extremely  broad  band  frequency  spectrum,  nonuniformity 
of  radiation  with  direction,  and  extresK'.  higl  eneigy  levc''  radiated. 

The  burned  propellant  emerging  from  the  nozzle  gives  rise 
to  large  turbulent  shearing  stresses  and  violent  mixing  at  the  nozzle 
exit.  Farther  downstream  the  velocity  of  the  exit  gases  decreases, 
mixing  proceeds  less  violently,  end  larger  turbulence  eddies  are 
evidenced.  This  mode  of  mixing  represents  a  high  frequency  noise 
source  at  or  near  the  nozzle  exit  with  frequency  decreasing  as  downstream 
distance  increases.  Noise  from  subsonic  Jets  is  generated  principally 
between  five  to  ten  exit  diameters  downstream  while  for  supersonic  Jets, 
which  spread  less  rapidly,  noise  may  be  genorsted  uy  to  fif'.oen  or 
twenty  diameters  downstream. 
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4.1.I.1  Acouatlcal  Pow»r  L«v«li 


Th«  Mclunical  power  within  ■  rocket  engine  exhaust  atrean 
aay  be  expreaard  in  ter**  of  the  thruat  arrf  an*>  Iflc  iareulae  of  the 

•yatea. 


«S  •  21.8  (4-1) 

where:  -  atrea*  power  (watts) 

P  -•  thrust  (pounds) 

■  specific  Ispuise  (sec) 

Rsdlatad  acoustical  power  Is  related  to  the  owchanlcal 
streaai  power  by  the  acoustical  efficiency: 

"a  •  <*•« 

where  ■  radiated  acoustical  power  (watts) 

^  -  acoustical  efficiency 

The  acoustical  efficiency  <a  dependant  upon  the  difference 
in  velocltica  between  the  exhaust  gases  and  the  surrounding  ncdlusi. 

For  present  day  (LOX/RP-1)  rocket  engines  the  acoustical  efficiency 
Is  approxlauicely  one  per  cent;  however,  it  nay  approach  ten  per  cent 
for  high  perforasnee  nuclear  engines.  Accurate  detenalnation  of 
acouecicel  efficiency  requires  neesureaent  of  far  field  sound  pressure 
levels  fron  which  the  space  average  sound  pressure  level  and  acoustical 
power  level  nay  be  detemined. 


An  enplricel  relationship  between  eechanical  power  in  a 
rocket  exhauat  straan  tn  overall  acoustical  power  levels  has  been 
detemined  by  Von  Gierke^.  This  relationship,  which  best  fits  the 
available  data  for  Jet  streaa  power  in  excess  of  10^  watts  with 
acoustical  efficiencies  of  appruxiaately  one  per  cent,  is 


PUL  78  +  n.5  log, .(21.8  I  F) 
lU  tp 


(4-3) 


13 


where  PVL  -  Overall  sound  power  level  referenced  to  10  watts 


The  spectral  characteristics  of  jet  streaip  noise  depends 
upon  the  jet  strean  velocity  (V)  and  diaaieter  (d) .  Spectral  conposltlon 
of  rocket  noise  energy  nay  be  generalized  by  plotting  power  spectrun 
level  ae  a  function  of  dlnenslonless  frequency  as  Illustrated  In 
Fig.  4-1. 


,01  ,02  ,  03  .  04,05  0.1  .2  .  3  .  4  .  5  1.0  2  3  4  5  10 
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riC.  4  -1  GENEKALIZEO  POWER  SPECTRUM  OP  ROCKET  NOISE^ 
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To  obtain  tha  power  levels  iii  onc-tMrd  octave  bands  Che 
following  stops  ara  nacaasary. 

A.  Coaipute  fd/V  whore  f  Is  tho  geostatrlc  oean  frequency 
of  each  ono-thlrd  octavo  band. 

B.  Froa  Fig.  4*1  dotenslno  tho  powor  spactrun  level  In  db. 

C.  Dotanlnc  tho  db  value  of  the  reference  level  (shown  as 
aero  db) ,  which  Is 

OVERALL  PVL  •  10  log  V/d 

D.  Add  Che  taro  reference  level  to  the  powiiir  spcctruo  levels 
detenlncd  In  stop  (B). 

B.  Correct  these  powor  spoctrua  levels  (FSL  In  db  re  10 

watts)  to  onc>Colrd  octave  band  (OB)  FWL  froa  Che  expression 

OC  FWL  -  FSL  -f  10 
wheroAf  Is  bandwidth  In  cps. 

4. 1.1.2  Sound  Fressure  Levels  and  Dlrectlvicv 

The  approxlaate  relation,  (accurate  to  0.5  db)  between  the 
sMian  sound  pressure  level  at  a  given  radius  and  the  FWL  Is 

SFL  -  FWL  -  20  log  r  •  8  db  (4-4) 

o  o 


where 

SFL  ■  spsce  average  of  the  overall  sound  pressure  level 

°  at  distance  r  froa  the  source.  In  d**  re  0,0002  mlcrobsr 
o  •• 

FWL  ■  overall  power  level  of  source  In  db  re  10  watt 

r  ■  dlsCsnce  froa  source,  feet 
o 

The  directivity  pattern  of  a  noise  source  Is  generally  defined 
for  the  far  radiation  field,  where  particle  velocity  and  sound  prassure 
In  a  sound  wave  arc  In  phase.  A  good  engineering  estlaate  is  Ci  nsaunw* 
chat  the  far  field  begins  at  a  radius  equal  to  about  5  effective  source 
dlncter*.  A  correction  In  decibels  (directivity  Index)  aust  be  applied 
to  the  average  sound  pressure  level  calculated  for  Eq.  (4>4)  for 
various  angles  B  froa  the  sals  of  the  exhaust  streaw. 
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FlRure  4-2  shows  the  correction  in  decibels  that  must  be 
applied  CO  the  average  sound  pr>‘csur.*  level  in  order  Co  allow  for  Che 
directional  characteristics  of  the  Jet  source.  The  directivity  pattern 
of  a  rocket  is  not  the  saae  for  all  frequencies  and  the  pattern  changes 
during  liftoff  of  a  aiissile.  Thus,  Che  data  given  must  be  regarded 
as  average  values. 

The  dashed  curve  of  Fig.  4-2  gives  Che  sound  pressure  level, 
(referred  to  the  average  SPL  at  a  distance  r^  from  the  source)  at 

various  points,  defined  by  the  angle  0,  on  a  line  parallel  to  the  jet 
axis  and  displaced  a  distance  r^  from  it.  Such  an  analysis  is  called 

a  sideline  analysis  and  has  iimiediatc  .-ippl ication  to  the  problem  of 

how  Che  noise  at  a  fixed  receiver  varies  during  the  launching  of  a 

missile.  For  instance,  it  is  clear  from  Fig.  4-2  that  the  maximum 

noise  at  a  fixed  receiver  will  occur  when  the  height  of  the  source 

above  Che  receiver  is  r  cot  70°. 

o 

By  taking  into  account  the  geometrical  spreading  and 
atmospheric  attenuation  of  the  outward  propagating  sound,  the  apace 
average  SFL  for  each  octave  band  at  any  distance  may  be  determined. 

This  information  can  be  combined  with  Che  directivity  indices  (DI) 
of  Fig.  4-3  to  arrive  at  the  SFT  eatimacos  of  a  given  distance  as 
a  function  of  a.iglc  0  and  the  various  octave  bands  of  frequency. 

The  01  infonsacion  is  far-fiild  infensation  and  cannot 
b«'  extended  closer  Chan  a  limiting  distance  to  Che  source.  For 
purposes  of  prediction  it  is  convenient  to  coepute  the  space  average 
SFL* 8  at  200  feet.  In  this  case. 

Space  Average  SFL  >  FVL  -  37  db  (source  in  air) 

Space  Avrrage  SFL  •  FWL  -  34  db  (source  on  ground) 

4. 1.1.3  Eouine  Clusters  and  hi ast  Deflectors 

One  of  the  important  rocket  engine  pat'ametera  that  must  be 
considered  in  describing  its  sccustiral  pow>>r  output  and  frequency 
spectrum  is  Che  effective  ncr^lc  diameter.  For  ■  single  engine, 
thir  diameter  is  usually  taken  to  be  equal  to  that  of  the  engine 
nozzle  itself.  However,  when  several  engines  or  clusters  of  engines 
are  used,  this  diametci  becomes  less  well  defined.  Turthermore, 

Che  directivity  pattern,  overall  power,  and  spectra  of  grouped  noise 
sources  are  known  to  be  different  than  that  of  a  single  source  because 
of  gas  mixing  processes  involved  in  clustering. 
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FIG.  4-2  ROCKET  ENGINE  NOISE  DIRECTIVITY  CORRECTION 


DIRECTIVITY  INDD;  (DR)  DIRECTIVITY  IHDEX  (DB) 


FIG.  A-3  GENERALIZED  DIRECTIVITY  lOTICES^ 


Tb«  power  epoctra  of  ooiao  produced  i>y  dlfforont  cluator 
eonflturationa  tonda  to  ahifC  t*  lowar  fraquenefea  aa  tha  nuabar  of 
onpiMO  incroasoa.  Flgura  4>4  ahowa  that  in  andal  acala  taata  tha 
powar  In  the  higher  freqtionejr  octave  banda  incraaaea  by  only  3  db, 
whlla  powar  in  the  lower  frequency  banda  Increaaaa  by  20  db  aa  tha 
ttuaibar  of  enginea  in  the  cluater  incraaaea  from  one  to  eight. 

Ixperiawnta  indicate  that  che  acouatlc  power  la  directly 
proportional  to  the  ■ach.inical  powe:  developed  by  the  cluater,  and 
doubling  the  enginea  in  tha  cluater  Increaaaa  the  acouatiral  powar 
levela  by  2  or  3  decihela.  Cluatering  of  rocket  enginea  alao  affacta 
directivity  in  the  far  field  (aee  Fig.  4-3). 

It  ia  generally  aaauB»d  that  a  valid  ecuuacic  acala  nodal 
of  a  jet  noiae  aourca  duplicatea  tha  known  or  naaaurablo  paranetera 
of  the  Jet  exhauat.  Tha  baaic  acaling  prlnciplaa  and  equationa, 
atated  below,  are  illuatrated  in  Fig.  4-6. 

a.  The  naan  aquare  preaaure  at  a  given  fraquancy  in  tha  field 
of  a  aound  aourca  ia  proportional  to  tha  eourcc  etrangth  tinea  a 
near  field  and  directivity  weighting  function,  and  inveraely 
proportional  to  the  aquare  of  the  path  length. 

b.  The  frequency  of  the  aource  ia  character iaed  by  tha  ratio 
of  a  typical  aource  velocity  to  a  typical  aource  dlmnalon. 

c.  The  aource  intanaity  can  be  defined  uniquely  by  tha  kinetic 
energy  tema,  velocity  and  denaity. 

d.  For  ainilar  gaaea  typical  dinenelona  and  velocitiae  within 
the  Jet,  nomeliaed  by  exit  dianeter  and  exit  velocity,  reapectivaly, 
will  bo  funtlona  of  dinenaionlaaa  poaition. 

When  three  concepta  are  conblned,  an  expreaaion  for  the  ncan 
aquare  preaaurr  ta  found  ia  term  of  a  aat  of  di.aenaionleaa  ratioa 
time  a  manure  of  unit  aourca  intanaity.  The  product  of  frequency 
tima  Jet  diamter  ia  alao  a  function  i>f  ainilar  dimnaionlaaa  ratios. 
Thua,  a  aet  of  ratios  of  aource  dimnaions  to  observation  distance 
ia  aufficlent  to  equate  the  sound  fielda  around  two  Jets  which  differ 
only  in  their  sixe. 

The  mjor  rocket  engine  noiae  source  (che  raglon  of  turbulent 
nixing  of  the  exhaust  gases  with  the  atnosphera)  is  a  function  of 
deflector  configuration.  Many  deflector  designs  can  cause  Increases  of 
mre  than  10  db  ia  the  average  near-field  sound  pressure  levels  in  region* 
where  the  nlaslle  structure  would  be  located.  Deflectors  can  also 
significantly  influence  the  total  output  and  spatial  distribution  of 
acouatlc  power  produced  by  rocket  engine  operations.  Small  scale  tests 
for  six  typical  blast  deflectors  were  performd  at  Wright  Air  Devalopsienc 
Division  and  the  reaulta  ai«  suamriaed  in  Fig.  4-7. 
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FIG.  U-U  ACOUSTIC  POWER  SPECTRUMS  FOR  ENGINE  CONFIGURATIONS 


ESTIMATED  OltECTIVlTr  PUTTS  (Directivity 
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CHARACTERISTICS  OF  A  .^ET  EXHAUST  NOISE  SOURCE 
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FIG.  4*7  ACUUSTIC  POWER  LEVEL  SPECTRA  FOR 
BLAST  DEFLECTORS 


4.1.2  PropMatlon  of  Kockat  llct»e 


The  launch  of  a  larga  alaaila  Involvea  the  following 
operational  aequencaa  which  are  infl"*nt4al  4n  the  propagation  of 
rocket  engine  noiaa  Co  a  racaivar  in  the  vicinity  of  the  launch  aite. 

(1)  Ignition  and  lift-off 

(2)  Low  acceleration  of  Che  aiaaile  at  aaMll  elevation  angles 

(3)  Mediua  and/or  high  aiasile  acceleration  at  large  elevation 

anglaa 

For  each  of  these  operational  conditions,  Che  aaount  of 
rocket  noise  traneaiitced  to  a  receiver  on  the  grouMl  will  be  affected 
by  atteauatiou  due  to  spherical  divargance  in  the  air  and/or  daaiping 
of  the  sMcrosonic  waves.  In  addition,  the  attenuation  due  Co 
■ataorological  factors,  a.g.,  taaiparatura  gradient,  wind  velocity, 
wind  velocity  gradient,  wind  direction  and  hunidity  aust  be  considered 
along  with  the  physical  effects  of  ground  transaissiou,  barriers, 
aisaile  elevation  angles,  and  blast  deflectors. 


4. 1.2.1  Cround/Cround  fronaaetion 


Ground  to  ground  propagation  occurs  during  ignition  of  a 
rocket  booster  engine  and  during  Che  initial  Ilft*off  conditions.  The 
equation  for  the  sound  pressure  at  a  point  in  the  far  field  due  to 
spherical  divergence  is 


r 


K 

t  • 


(4-5) 


where  K  is  dependent  upon  the  source  anplltude,aCis  dependent  upon 
air  conditions,  end  K  is  Che  distance  to  the  source. 

//twnuetion  due  to  spherical  divergence  alone  causes  a 
reduction  of  6  db  for  each  successive  doubling  of  distance  froa  the 
source.  A  plot  of  db  loos  versus  distance  is  shown  in  Fig.  4-8. 
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Ataoaphcric  attenuai ion  Tcpresents  all  reductiona  in  sound 
prcaaure  level  over  a  given  path  of  piopagation  in  exceaa  of  the 
reduction  due  to  aquare  law  attcnuat.'.on.  rui'  large  rocket  booster 
noiae  propagation  only  the  aolecular  absorption  (classical  absorption 
will  he  negligible)  need  be  considered.  It  is  dependent  upon  absolute 
huaildlty  and  air  teaq>eraturc  as  given  by  the  following  approximate 
equation 

^0.1(T  +  45)  (f/b)^  .;4-6) 


■  «M>lecular  absorption  In  db/looo  ft. 

>  air  temperature  in 

-  geometric  mean  frequency  of  an  octave 
band  in  kilocycles 

-  absolute  humidity  in  grams  cm  ^ 

Found  attenuation  as  a  result  of  molecular  absorption, 
turbulence,  terrain  effects,  and  propagation  through  fog,  rain 
and/or  snow  suiy  be  lumped  together  into  a  single  value  of  excess 
attenuation  (greater  than  inverse  square)  Figure  1*^9  shows 

a  family  of  curves  giving  Ae^  for  propagation  over  level  terrain 

with  uniform  ground  cover  at  the  air  temperatures  and  humidities 
indicated. 


A,, 

AS 

where 

N 

T 

f 

h 


Over  open  level  ground  whore  appreciable  vertical  temperature 
and  wind  gradients  usually  exist  it  is  possible  tu  have  a  "shadow  sons" 
into  wnich  no  direct  sound  can  penetrate.  These  shadow  zones  aic  never 
sharp  because  sound  energy  is  diffracted  into  the  shawdow  zone  and 
scattered  into  it  by  turbulence.  A  shadow  zone  is  most  coononly 
encountered  upwind  from  a  source.  Sound  refraction  caused  by  temperature 
gradieiiis  lends  to  be  symmetrical  about  the  source  of  Bound. 

The  distance  X  to  the  onset  of  the  shadow  zone  can  be 
eatlsMted  from  the  mean  temperature  and  wind  gradients  evaluated  at 
one-half  the  average  source  and  receiver  heighte,  using  the  following, 
equation: 
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(4-7) 
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SOURCE -RECEIVER  DISTANCE,  r,  (FEET) 


where 


c 

O 

S 

R 

« 

/3 

<X 

T« 


is  Che  aaibient  velocity  of  sound,  In  feet  per  second 
is  the  height  of  the  sound  source  above  the  ground  In  feet 
is  the  height  of  the  receiver  above  the  ground  in  feet 
is  the  wind>to>sound  angle 


is  the  Clean  wind  gradient  in  sec 
c 


2T 


in  sec 


-1 

-1 


is  the  absolute  as^blciit  tcnperature,  in  degrees  Rankine 
la  the  height  above  sea  level,  in  feet 


ihe  estiaated  excess  attenuation  into  a  shadow  zone  directly 

upwind  is  represented  by  Pig.  4-10  for  asdlun,  high  and  low  trequencies. 
These  results  are  not  expected  to  differ  much  over  land  or  water  or  in 
moist  humid  air,  e.g.  fog.  The  attenuation  is  expected  to  be 
approximately  7  db  leas  when  #  is  45*^  and  15  db  less  when  #  is  90°. 

The  variation  of  wind  and  temperature  gradients  in  the  first 
few  thousand  feet  of  the  acmuspbere  may  cause  substantial  changes  in 
the  velocity  of  sound  with  height.  For  example.  Fig.  4-11  represents 
a  plot  of  travel  time  (t)  versus  angle  of  departure  (0)  and  range  (R) 
versus  (0)  for  the  case  of  sound  transmissluii  through  the  atmosphere 
In  which  two  velocity  gradients  Kj  and  K2  exial  (K^  beint;  less  than  K2)  • 
At  9  >  01,  the  trevel  time  curve  and  the  range  pass  through  a  minimum. 
Purthananre,  both  the  travel  time  and  range  change  very  slowly  wltb  0 
in  tha  vicinity  of  9i.  This  indicates  that  a  cor.c  of  raye  (essentially 
in  phase)  will  be  converged  at  a  range  of  Ri  and  will  produce  an  increase 
in  intensity.  Various  combinations  of  gradients  will  produce  thia 
focueeing.  Once  the  magnitude  of  the  grcdlcnts  In  the  vicinity  of  a 
launch  site  arc  known,  en  analog  computer  can  be  used  to  calculate  and 
trace  the  ray  paths  to  dereminc  if  focussing  of  sound  rays  will  occur. 
Figure  4-12  indicates  the  reinforcemente  of  sound  energy  possible  for 
various  velocity  profiles. 
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CATEGORY 


1 


2 


3 


DESCRIPTION 


SINGLE  NEGATIVE  T.itADUNT 


ADDITIVE 

FACTOR 


SINGLE  POSITIVE  GRADIENT 


+14  DB 


ZERO  GRADIENT  NEAR  SURFACE 
WITH  POSITIVE  GRADIENT  ABOVE 


+20  DB 


WEAK  POSITIVE  GRADIENT  NEAR 
SURFACE  MlIri  STRONG  POsIlIVE 
GRADIENT  ABOVE 


+  28  DB 


NEGATIVE  gkADTPmt  NEAR  SURFACE 
WITH  STRONG  POSITIVE 
GRADIENT  ABOVE 


+40  DB 


-.-1-  VKIO.  .:v  GRADIENTS  AND  INTENSITY  AT  A  FOCUS  ’  ’ 
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4. 1.2.2  Alr/G~***t:.>u  Fropagatlon 

A*  the  souimI  source  Increeees  in  eleveClon  angle,  ground 
cover  and  terrain  effects  becoae  less  significant  usually  resulting 
in  less  attenuation  of  the  sound  energy.  Kesidual  attenuation  (Ag) 
is  defined  as  the  at«wspheric  attenuation  In  excess  of  the  humidity 
attenuation  and  is  due  principally  to  the  scattering  effects  of  air 
turbulence  and  »o  the  formation  of  sound  shadows  by  the  upward 
refraction  of  rays  near  the  surface  of  the  earth.  Estimates  ot  the 
effects  of  turbulence  in  che  75olSO  cps  octave  band  are  given  in 
rig.  4  -13.  In  order  to  estimate  the  residual  attenuation  Ao  due  to 
shadow  formation  it  is  necessary  first  to  know  whether  the  observation 
point  is  wlchin  the  ahadov  sons.  This  can  be  determined  from  Pig.  4-14. 

The  gradient  due  to  temperature  is  given  approximately  by 
-  4(T  -  '^o)  X  10'*  ®P  (4-8) 


Similarly,  the  gradient  B^  due  to  wind  at  30  feet  above  the  ground  is 
approximately 


*w  ■  ‘'30'®**c  * 


-4 


(4-9) 


where 


>  wind  speed  in  miles  per  hour 
8  -  cos  ‘  I  -  ■-  A~~]  !•  ibe 


critical  angle  where 


The  wind  speed  at  30  feet  may  be  estimated  from  the  known 
speed  W  at  any  ocher  height  (up  to  about  300  feet)  by  the  relation 


“30  '  rTo.27  loi-j^ii/SO,  ’’®“' 
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FI  ..  4-n  ESTIMATED  AVEXACE  RESIWJAl.  ATTE^DATTO:  DvE  TO  T  I13JI.E  ;CE^ 
(FOR  VERTICAL  iAUtiCH'> 
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H0R170NTA1.  DISTANCE  FROH  SOURCE  TO  SHADOW  BOrjMOARY 


RepresenCativr  maxian«  "^luea  of  B  resulting  from  combined 
temperature  and  wind  gradients  are  -.005,  and  thus  shadow  zones  are 
not  apt  to  occur  at  an  observation  point  when  the  source  elevation 
angle  exceeds  10  degrees. 

As  the  observation  point  moves  into  the  shadow  zone  away 
from  the  boundary,  the  residual  attenuation  A^,  first  increases  rapidly 
and  then  attains  a  limiting  value  at  which  It  remains  essentially 
constant.  Available  data  are  not  adequate  to  permit  an  exact  prediction 
of  this  limiting  value,  but  It  is  generally  within  the  range  of  25 
to  15  db. 

The  distance  from  the  shadow  boundary  at  which  the  shadow 
attenuation  reaches  the  limiting  ^alue  Is  difficult  to  predict  exactly. 
For  wind-sound  angles  between  110  and  250**,  this  distance  may  be 
taken  as  three  tlmeii  the  distance  from  the  source  to  the  shadow 
boundary.  For  wind-aoun<i  angles  outside  this  range  the  distance 
becomes  much  luiger. 

Long  range  propagation  Is  considered  within  this  report 
to  begin  when  the  vehicle  altitude  Is  approximately  5000  feet. 

At  this  altitude,  the  su  Jor  Influencing  factors  on  the  propagation 
of  rocket  noise  are  spherical  divergence,  turbulence  molecular 
absorption  a.id  wln«I  and  temperature  gradients. 

Absolute  humidity  decreases  considerably  with  altitude, 
and  for  low  values  of  humidity,  the  molecular  absorption  in  any 
given  atmospheric  layer  Is 


1  f  (T  -t-  45) 

2  2 
f/h  -t-  h  /r 


(*- 11) 


where 


f  ■  geometric  mean  frequency  of  an  octave  band 
In  kilocycles 

o 

T  ■  temperature  in  F 
h  '  absolute  hus.idlty  in  gm/rm^ 

The  total  humidity  attenuation  from  source  to  ground  is  the  sum  of 
the  attenuations  in  successive  layers  of  the  .•tmosphere. 
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At  «lcitud«i  above  5,000  wind  and  caaparatura 

gradlanta  tend  to  bo  aora  unlfora  with  haiglit  and  aubjact  to  last 
fluctuation  with  tiae  than  at  lower  altitudas.  A  naan  value  of 
appruxiaataly  -49?  par  1,000  ft.  has  baan  datamined  for  tha 
teaparatura  gradient  in  this  portion  of  tha  ataoaphare.  Maxinun 
values  of  wind  coayonant  gradient  depending  on  tha  scalar  wind 
vclwulty  at  tha  tropopauaa,  are  of  the  order  of  a7  ft/sac  per  1,000 
ft.  or  ^.007  sac*’l.  Aa  in  tha  case  of  tanperatura  gradients, 
actual  wind  coaponant  gradients  nay  show  irregularities  associated 
with  frontal  boundary  layers. 

Tha  aound  velocity  gradient  due  to  wind  coaponant  dapeuds 
both  on  tha  scalar  wind  velocity  gradient  and  on  tha  direction  of 
the  wind  with  respect  to  tha  direction  of  sound  propagation.  Tha 
total  sound  velocity  gradient  g  la  given  by 

t  -  <*y  ♦  Ef)«ac"*  (4-12) 

where  g|f  is  the  gradient  of  tha  coaponant  of  wind  velocity  in  the 
direction  of  aound  propagation,  and  g^j^  is  tha  s«.und  velocity  gradi<>nt 
due  to  teaparatura. 

for  any  negative  sound  velocity  gradient  up  to  the  40,000  ft. 
'(Might,  tha  sound  field  vf  aa  ascending  source  such  as  a  rocket  will 
have  a  shadow  vhoet  ^oi’ndary  touches  the  ground  et  a  horisontal 
distance  which  increases  with  source  halgtit  and  oacraasas  with 
Increasing  negative  gradient. 

It  can  be  shown  by  further  geoaatric  constnKtlons  that 
focussing  on  the  ground  can  occur  with  a  concave  velocity  profile, 
but  only  if  the  shape  of  the  profile  is  such  chat  there  is  sobm  height 
at  which  the  velocity  is  greater  than  at  the  ground. 


4. 1.2.3  Propaaatlon  Around  iarrlers  and  Through  Soil 

Whan  rocket  noise  is  incident  upon  a  hill  and/or  other 
ob>  cle,  sone  of  the  sound  energy  is  diffracted.  The  aa»unt  of 
cow  energy  that  is  trausalttcd  to  a  point  on  the  other  side  of 
the  ..artier  is  dependent  upon  the  distaaces  represented  by  the 
pkatch  in  Fig.  4-15.  Fron  freenel  diftraction  it  Is  assueud  that 
aJbA,  f  do4((a  +  b)  and  dg«  (b/a)  (a  -f  b)  end  that  a  quantity 

V  can  be  defined  as  indicated  by  expression  (A)  of  the  figure.  The 
expected  loss  in  decibels  can  then  be  detcmlned  tram  Fig  4^15. 
Expression  (B)  of  the  figure  Includes  the  correction  which  nust  be 
applied  to  expression  (A)  due  to  the  existence  of  a  sound  velocity 
gradient . 


FIG.  4-15  SOUND  LEVEL  LOSS  VERSUS  DIFFRACTION  PARAMETER 


Foraati  r«pr«Mnt  another  type  of  batrier  which  nuy  be 
encountered  In  the  vicinity  of  launch  eltea.  Eetlnatea  of  the  loan 
coefflclenta  for  verloua  forcata  are  repreaanted  by  Fig.  4*16. 

The  earth  beneath  tha  teat  atand  la  axcltad  during  flrlnga 
in  eaacntlally  two  waya:  firat,  tha  anginea  and  vehlcla  vlbratlona 
are  laparted  directly  to  tha  taat  atand  Itaalf  and  thence  to  the 
atrata  of  aoll  Into  which  tha  atand  la  atructurally  anchored. 

Second,  the  exhauat  Jet,  laplnglng  on  tha  blaat  deflector,  axcltea 
the  ground  Into  vlbratlona.  Cylindrical  wavea  will  be  generated 
by  the  flrat  condition  In  a  nannar  aleilar  to  the  ground  excitation 
obtained  froa  quarry  blaata.  The  bmxImbb  coaqionent  of  vertical 
diaplaceawnt  for  fairly  large  dlatancea  can  be  repreaanted  by  the 
graph  in  Fig.  4*17. 

SoaMwhat  different  actanuationa  ere  expected  when  the 
launch  alta  la  located  on  bedrock  (aee  Fig.  4-18).  It  la  aaaueed 
here  that  aphcrlcal  spreading  takea  place  up  to  a  dlatanca  from 
the  aource  roughly  equal  to  the  depth  of  the  bedrock  layer,  with 
cylindrical  apreadlng  beyond.  A  rough  eatlaate  of  an  'jpper  llelt 
of  the  nagnltude  of  the  ground  vibrations  excltad  by  acouatlc  waves 
can  be  eade  as  follows.  The  fluctuating  pressures  p  generated  by 
the  exhaust  streaa  Inplnging  on  the  ground  can  be  Interpreted  as 
fluctuations' in  the  dyniraic  pressure  In  the  exhaust  strera,  naawly 


P 


9 


P 


V  (^v) 


(4*13) 


where  p  la  the  density  of  the  gas  and  v  la  the  expanded  exheust 
velocity.  At  taost,  ^v  «  0.1  v  and  therefore 


F  <  I  ^  2 


(4-14) 


The  velocity  u  of  the  gro«ind  vibrations  can  be  estlauted  from  a 
knowledge  of  Che  ground  la^cdance.  AS8.a.lr.g  th?c  ''h*  ground  la 
"hard"  coaq>ared  with  the  specific  acoustic  laipedance  of  air,^c; 
l.e.,  a  ground  laipedance  of  lOO^c,  then,  from  3q.(4-14)  and  observing 


chat  u  -  p/lOO^c,  Che  velocity  la 


lO"^  Mv 


(4-15) 


where  N  is  the  appropriate  Mach  nuaiber  of  the  exhaust  stream. 
Asaualng  N  ^  3  in  Che  region  where  the  pressure  fluctuations  are 
generated,  then 


U  ^  3  ft/srr 


(4-16) 
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LOSS  COtFFICirKT  OB/IOOO 


NUMBERS  IN  ZONES  REPRESENT  OIFFERENT  JUNGLES  AS  FOLLOWS: 

(1)  VERY  LEAFY  -  VISIBILITY  DISTANCE,  'd",  APPROXIMATELY  20' 

(2)  VERY  LEAFY  -  d  -  50' 

(J)  LEAFY  -  d  -  103' 

(4)  LEAFY  -  d  -  200' 

(5)  LITTLE  LEAFY  UNDERGROWTH,  LARGE  BRACKETED  TRUNKS  - 
d  -  300' 


500 


1001—- 


100 


500  1000 

FREQUEN'CT  (CYCLES  SECOND) 


OoOO 


K1  .  4-1^  '•.ST-yLATRIi  OSS  COEFFI C . K -TS  IN  "ORESTS 
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4.1.3  gif«ct»  of  Wot»« 


The  effects  of  the  noise  generated  by  the  missile  during 
launch  are  divided  Into  two  calegroeis,  effects  on  personnel,  and 
the  effects  on  structurea  and  e^ipnent.  The  noise  resulting  from 
missile  launch  operations  should  also  be  considered  with  resoect 
to  its  effect  on  base  facilities  and  the  surrounding  cowunities. 


4. 1.3.1  Effects  on  Personnel 

The  daatege  riaW  for  personnel  In  the  vicinity  of  the  launch 
site  depend  on  the  Intensity,  duration,  and  frequency  of  the  noise 
plus  the  age  of  the  Individual  exposed  (see  Fig.  4-19).  Personnel 
required  to  remain  in  areas  determined  as  hazardous  will  be  required 
to  wear  car  defenders  to  attenuate  high  frequency  sound  above  100  cps. 
However,  even  though  ear  defenders  are  worn,  dssuige  to  tissue,  effects 
on  the  centrsl  nervous  system  (fatigue  and  impairing  of  Judgement),  and 
blurring  of  vision  arc  possible  in  environsients  where  the  intensity 
of  the  noise  exceeds  150  db  (r«.  0.000?  dynes/cn^) . 

To  determine  speech  interference  levels  (SIL)  caused  by 
high  intensity  noise,  calculate  the  arithmetic  average  of  the  sound 
pressure  level  in  the  600-1200,  1200-2400,  and  2400-4800  cps  octave 
beads .  Consult  Table  4-1  to  determine  the  maximum  distance  between 
talker  and  listener,  and  the  voice  level  required  to  permit  reliable 
speech  coamualcstioo.  This  distance  may  be  from  person  to  person, 
person  to  loui;pewVer,  or  person  to  microphone.  If  the  SIL  exceeds 
this  level  speech  eosssun  test  ion  interference  ran  be  expected.  If 
pure  tone  sudUory  warning  signals  are  required  in  the  pre.tencv  of 
high  noise  levels  generated  by  auxiliary  equipment  at  the  missile 
launch  site,  ’cHcn  Fig.  4-20  represents  the  sound  level,  that  must 
be  generated  ay  the  auditory  warning  devices  to  be  audible  in  the 
presence  of  the  smsking  noise. 


TABU  4-1 


SPaCH  IHTEItmEIfrE  levels  (Ilf  db  re  0.0002  MICROBAR) 


Distance,  ft,  between 
source  and  listener 

Wormal  voice 
level,  db 

Raised  voice 
level,  db 

0.5 

71 

77 

1 

65 

,1 

7 

59 

65 

3 

55 

61 

*‘f 

>3 

59 

5 

51 

57 

6 

49 

55 

12 
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SOUND  PRESSURE  LEVEL  IN  BAND  (DB  RE  0.0002  MICROBAR) 


RCCOMMENUtO  MAXIMUM  OVERALL  NOISE  LEVEL 


FREQUENCY  BAND  ^’CYCLES  PER  SECOND) 


FIC.  4-19  REQUTREMF.VTS  FOR  HEARING  PROTECTION 


NUMBER  OF  DECIBELi  1 
MUST  EXCEED  SOIM 


FIG.  4-20  DIFFEBIIimAL  SOUND  PKESSUHE  FOR  A  TONE  AUDIBIl  ITY 

ABOVE  NOISE*' 
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4. 1.3. 2  Effects  O’-*.  Si.ructureii 


Incenae  noiae  may  damage  aCructurea  or  cause  equipment 
to  malfunction.  If  a  structure  is  composed  of  panels  mechanically 
coupled  in  some  manner  the  mean  squared  panel  velocity  (9^)  for  a 
given  sound  pressure  spectrum  S(f),  f  •  frequency,  is  given  by 


-2 

V 


sifx. 


/  2 
4  II  n  +  m 


(4-17) 


where 


Yj  >  ratio  of  damping  to  critical  damping  (varies  from  .01  to  .1 
^  for  aK>st  materials) 


m  -  mass  of  panel 

T  ■  transmissibility  (T**!  for  maximum) 


The  rms  strain  C  resulting  is 
rms 


rms 


rms 


where  C;,  ■  speed  of  flexural  waves  in  the  material.  The  resultant 
damage  is  in  the  form  of  fatigue  cracks.  Damage  of  this  type  may 
be  expected  to  result  when  the  sound  pressure  level  is  above  150  db. 
Damage  criteria  for  conventional  buildings  aa  a  function  of  peak 
displacement  are  given  in  Fig.  4-21.  Malfunctioning  of  electronic 
equipment  iiin/  >«lso  be  expccred  above  130  db. 

The  transmission  loss  (TL)  resulting  from  the  passage  of 
sound  at  random  incidence  through  a  structure,  c.g.  a  single  wall, 
as  a  function  of  frequency  is  shown  In  Fig.  4-22.  This  treatment 
assumes  that  the  mass  of  the  wall,  is  the  only  contributing  factor 
in  producing  the  observed  transmission  loss.  Correctlonc  due  to 
absorption  effects  from  openings  around  doors  and  windows  arc  shown 
in  Fig.  4-23.  Average  values  of  TL  for  ”aricus  materials  are  shown 
in  Fig.  4-24. 

Even  though  the  sound  may  be  attenuated  by  its  transmission 
through  a  structure,  the  Intensity  may  increase  inside  the  structure 
due  to  reverberation.  Thus  the  full  benefit  of  the  transmission  loss 
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sniH  NX  iiia<T>v*irfsio  xvaa 
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O^MIACE  CRITERION  FOR  CONVENTIONAL  BUILDING  STRUCTURES 


TRANSMISSrON  U)SS  -  DECIBELS 


FIC.  4-22  MASS  LAW  CURVE*® 
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KCIBELS 


DBCIBILS  TO  BE  SUBTRACTED  FROH  TL  OF  HALL 
FOR  EFFECTIVE  TL  OF  CQHPOSITE  BARRIER 


FIG.  4-23  AVERAGE  TRANSMISSION  LOSS  FOR  COMPOSITE  BARRIERS 


1» 
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AVEilAGE  TRANSMISSIOM  LOSS  FOR  VARIOUS  S  rPUCTURES 


is  not  obtained.  The  total  dlfiereace  between  the  noise  intensity 
inside  end  outside  the  structure  in  the  above  case  is  called  noise 
reduction  (m)  and  is  defined,  in  decibels,  as 


!!»  •  TL  -  10  logjQ  (1/4  +  -~) 


(4-18) 


where 


■  srea  of  transaittlng  wall 

SA 

K  *  ^  m  ,  the  rooei  constant 

&  -  averate  sound  absorption  coefficient  of  the  roosi  surface 

A  noangran  of  the  above  expression  ir  given  in  Fig.  4-25.  The  use  of 
this  noaograai  is  linlted  in  that  the  distances  Irosi  the  transnittlng 
wsll  of  the  receiving  enclosure  to  the  poi.'t  of  olservstion  nust  be 
greater  than  oue  wall  width. 


4. 1.3. 3  CowBunitv  leaction 

locket  noise  tenersted  during  the  launch  of  a  ai  .sile  nay 
interfere  with  the  perfonaanew  of  personnel  at  locations  other  than 
near  the  launch  site.  Criterion  curves  for  deteminlng  ■a<ianaB 
pemissible  sound  pressure  lewels  In  each  of  the  eight  octave  bands 
in  accordance  with  the  NCA  (noise  criterion)  nuadwrs  are  plotted  in 
Fig.  4-26.  These  curves  define  the  envelope  (of  the  sound  pressure 
levels  in  octaves)  to  which  the  rocket  noise  source  should  be  attenuated 
for  a  desired  cowunicatlon  environnent . 

Using  the  infomation  fro*  sections  4.1.1  and  4.1.2,  the 
noise  spectr\a  from  e  perticular  nlssile  leunch  can  be  estlsMted 
in  e  particular  area.  For  einplification,  the  noise  spectna  is 
reduced  to  e  single  nunber  celled  the  equivalent  SFL  in  the  300/600 
cps  bend  by  use  of  Fig.  4-2t.  The  duration  of  the  exposure  conbined 
with  the  equivalent  SFL  in  the  300/600  cps  band  gives  the  estinated 
noise  exposure  (DIE)  at  a  given  location.  The  coirection  in  db  to 
be  added  to  one  launch  CHE  (froai  F>'g.  4-27)  as  a  function  of  E  (the 
nunber  of  launches  per  nonth,  or  tlie  nunber  of  seconds  of  static 
firings  per  snnth)  is  sinply  10  lor^lQ  1^  several  different 
nissiles  are  launrhed,  conpute  the  ERE  for  each  and  add  logarithnically. 
Acceptable  ERE  for  off-base  and  on-base  housing  as  a  function  of  the 
tine  of  day  of  the  launches  is  given  in  Fig.  4-28. 
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SOUND  PRESSURE  LEVEL  IN  'SAND  -  DECIBELS  RE  .0002  HICROPAR 


& 


7S  ISO  300  600  1200  2400  4800  10,000 

FREquEwnr  band  -  craES  per  second 

ric.  4-27  BARD  CONVERSION  GIART 
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EQUT VALENT  SPL  IN  300-600  CPS  BAND 
DECIBELS  >E  0.0002  MICROBAR 


HOUSINC  AAEA4 
OTP  IA8E 


HOUSINC  AREAS 
ON  SASe 


riC.  A-?S  NOKTNLY  ENE  OtlTERIA  FOR  HODSIIfC  AR'iAS 


E 


An  alternate  criteria  for  predicting  the  aubjective  r-!Fpons<? 
of  a  neighboring  conaunlty  in  aa  foll'wa: 

1.  Flot  the  incident  acoustic  apcctrua  on  Lhc  curves  of 
Fig.  4-29.  The  level  rank  for  the  total  noise  !<:  the  highest  ran'^ 
in  any  frequency  band. 

2.  Adjust  the  rating  by  the  influencing  factors  of  Table  4*11. 

3.  Find  the  expected  renponse  of  the  coisiunity  from  the 
adjusted  level  rank  and  Fig.  4*29. 
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TABIE  4-11 


LI  'KL  UXt  COWtFCTTOHS** 


IMFLaBMCIIlC  FACTOR 

POSSIBLE  CONDITIONS 

CORRECTION 

NO. 

^pacCrtai  Charactar 

C^tlnuoua 

0 

Pura-tona  coaiponaBts 

41 

Peak  Factor 

Contlnuoua 

0 

laipuleiva 

41 

RapatiCiva  charactar  (20-  to 

Ona  expos'jra  par  afn 

0 

30-sac  axposuraa  aaauMd) 

(or  continuous) 

10-6u  axposuraa  par  hr 

-1 

l-'C  axposurat  par  hr 

-2 

4 -20  axposuraa  par  day 

-3 

1-4  axposuraa  par  day 

-4 

I  axposura  par  day 

•5 

Background  Noiaa 

/ary  quiet  suburban 

41 

Suburban 

0 

Raaldentlal  urban 

-1 

Urban  near  sons  Industry 

-2 

Area  of  heavy  Industry 

-3 

'liBW  of  day 

Daytlna  only 

-1 

Night  tine 

0 

Adjuscaenc  to  Exposure 

No  previous  exposure 
Considerable  previous 

0 

axposura 

Extrema  conditions  of 

-1 

exposure 

•2 
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I 


I 


75  100  300  SOO  1200  2400  4800  10,000 

FREQUENCY  BAND  (CYCLES  PER  SPXOND) 


PIG.  4-?9  RELATION  BETWEEN  FREQUENCY  SPECTRl'M  Ai.D  LEVEL 


EXPECTED 

POPULATION 

RESPONSE 


VIGOROUS  LEGAL  ACTION 


THREATS  OF  LEGAL 
ACTION 

STRONG  OONPLAINTS 
MILO  COMPLAINTS 
MILD  ANNOYANCE 

NO  ANNOYANCE 


RANK^l 
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4.2  EXPLOSION  HAZARDS 

Rocket  propcllcnta,  liquid  or  ■olid,  are  capable  of  releasing 
large  quantities  of  energy;  the  nanner  of  release  depends  upon  the 
physical  circumstances  under  trhich  the  reaction  takas  place.  The 
deulred  mode  of  relesso  is  to  perforn  useful  work  in  propelling  a 
payload  on  some  oredetensined  mission;  however,  there  also  exists 
a  probability  of  malfunction  or  accident  which  would  cause  a  sudden 
release  of  energy.  The  energy  release  may  occur  as  ■  detonation 
or  deflagration. 


i  I  4.2.1  Propellant  Explosions 

I  The  violence  of  a  liquid  bipropellant  explosion  depends 

(upon  the  manner  and  the  amount  of  oxidiscr  and  fuel  which  is  mixed. 

Liquid  propellant  systems  which  are  hypergollc  present  little  chance 
of  explosion.  Although  they  will  burn  violently  when  mixed,  only  a 
small  amount  of  oxidiser  and  fuel  would  mix  during  the  short  ignition 

(delay.  This  mixture  would  deflagrate  and  the  rest  would  be  dispersed 
b)-  the  turoulence  cieated.  Table  4*III  lists  hypergollc  combinations, 

INon<hypergolic  propellant  systems  nay  react  with  explosive 
violence.  Actual  test  data  are  not  available  to  reliably  estimate 
^he  hazards.  A  coesson  viewpoint  is  to  consider  the  propellant 

II  equivalent  in  explosive  violence  to  a  lesser  amount  of  trinitrotoluene 

(TNT).  Liquid  monopropellants  and  solid  propellants,  being  intijaately 
mixed,  might  detonate  and  cause  an  explosive  shock  wave  much  like  TNT. 

(The  destructive  combustion  (thermal  explosion  or  detonation) 
characteristics  of  a  liquid  oxidizer  and  a  liquid  fuel  will  depend 
I  pfimarlly  on  rvo  factors:  (1)  the  total  (potential)  energy  available 

I  per  unit  weight  (or  volume)  from  the  reaction  of  the  mixture,  and 

(2)  the  rate  this  energy  can  be  liberated. 

The  calculation  of  the  energy  available  from  the  reaction 
la  relatively  simple  if  the  composition  known.  Potentially  these 
energies  can  be  very  Urge.  For  an  oxygen  ilauced  or  oxygen  positive 
composition,  tha  heat  of  complete  combustion  represents  the  heat  of 
explosion  and  varies  from  2(XK)  -  3000  cal/gu  of  mixture.  By  compariaor. , 
a  typical  detonating  high  explosive  liberates  about  1000  cal/gm.  The 
energy  of  reaction  decreases  rapidly  as  the  quantities  of  oxidizer  and 
fuel  deviate  from  the  stoichiossstric  point.  This  mixture  for  liquid 
oxygen  and  hydrocarbon  corresponds  to  about  237.  hyurof'rV.n  Sy  weight. 
Decreasing  the  hydrocarbon  contenc  to  IT  decreases  the  energy  release 
from  about  2300  cal/gm  to  100  cai/gm.  The  energy  lolease  rate  would 
have  to  be  very  rapid  to  allow  propagative  deconaticn  with  so  low  a 
heat  release.  Sufficiently  slow  enirgy  release  would  result  in  little 
oi  no  damage  from  shock  waves. 
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TABLE  A. Ill 


HYPEICOLIC  COMBISATIOtC^^ 


OXIDIZER  FUEL 


Liquid  Fluorine 

Ammonia 

Hydrerlne 

Hydrogen 

Methyl  Alcohol 

901  Hydrogen  Feroxide 

UEMH 

Hydras Ine 

Nitrogen  Tetroxide 

Aniline 

Hydras ine 

Furfuryl  Alcohol 

Red  Fuming  Nitric  Acid 

1 

Dietl.ylenetriemine 

Hydras ine 

White  Fuming  Ni. ric  Acid 

Aniline 

Furfuryl  Alcohol 

Hydras ine 

Chlorine  Irifluoridc 

Ammon  lit 

Hydras Ine 

Methyl  Alcohol 
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A. 2. 1.1  Detonation  and  Deflagration 

During  a  detonation  the  chealcal  reactions  proceed  In  a 
very  rapid  manner  and  aalntain  a  cl-iae  proximity  to  the  initiating 
disturbance,  while  during  deflagration,  the  reaction  is  maintained 
by  a  thermal  degradation  at  the  surface.  Temperature  and  pressure 
gradients  within  the  reaction  front  are  steeper  for  a  detonation 
Chan  for  a  deflagration.  However,  both  can  cause  serious  overpressures: 
and  at  sufficient  distau.^e  Che  damage  effects  are  similar  when  equal 
asKnmts  of  energy  are  released. 

In  a  detonation,  the  shock  front  leaves  the  explosive  source 
at  the  detonation  velocity  of  several  thousand  feet  per  second.  The 
high  pressure  gases  behind  this  shock  front  are  Che  major  causes  of 
breaking  and  shattering  damage.  Both  the  detonation  velocity  and 
the  overpressure  decrease  as  the  distance  from  the  explosion  increases. 
Figure  A-30  shows  this  effect. 

The  solid  curve  of  Fig.  A-31  shows  Che  pressure-time  effect 
at  a  given  point  for  a  detonstion.  The  dotted  curve  Illustrates  the 
pressure-tisM  effect  for  a  violent  deflagration.  Here  the  reaction 
lags  Che  shock  wave. 


4.2. 1.2  TKnr  Equivalence 

Since  overpressure-distance  data  for  propellant  explosions 
are  not  available  it  is  convenient  Co  evaluate  the  haaard  of  a  system 
by  comparison  to  a  familiar  explosive.  TNT  equivalence  is  the  ratio 
of  the  heats  of  explosion  of  the  propellant  to  chat  of  TNT.  Nuclear 
blasts  arc  also  rated  on  a  scale  of  kilotons  or  aagatons  of  INT. 

Although  the  merits  of  using  TNT  rquivalence  for  propellant  mishaps 
are  dubious,  this  technique  is  used  for  want  of  something  better. 

Launch  sites  and  static  testify  areas  are  coaaonly  designed  on  an 
equlvale.rc  TNT  hasl«.  However,  there  is  much  disagreement  at  to  what 
constitutes  Che  proper  equivalence  percentage  for  various  propellant 
combinations.  The  problem  Is  complicated  further  by  the  uncertalntiesr 
associated  with  the  mixing  of  liquids.  Examples  of  the  explosive 
equivalents  which  have  been  used  are  given  in  Table  A-IV.  The  most 
recently  known  determination  was  that  of  the  Saturn  launch-site 
planning  committee  which  arrivad  at  a  value  of  ten  percent  equivalent 
'.■eight  for  Che  LQ2/tf-l  system^^.  Most  of  the  values  used  as 
equivalents  appear  to  be  more  than  adequ.\te.  Figures  which  would 
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a<uuiN9VM  rrrro 


\iLprmmumd  ••  a  parcancas*  of  cht  total  propallaot  valsbt 


parnit  the  ua«  of  f'm  laast  pc*siblc  dlstancsa  arc  acoiioalcally 
datlrabl*.  Additloital  inforaaelon  tor  each  propellant  systra  la  uow 
rtquiraU.  First,  tha  type  of  raactlon  occurring  batwson  a  particular 
oxldltar  and  fuel  Mist  bs  dsflnad.  Ondar  conditions  of  coaplate 
nixing  and  atolchlonatrlc  quantities  It  is  suspected  that  all  systems 
would  explode.  The  variable  affect  of  nixing  and  non-stolchlonetrlc 
anounta  of  propellant  requires  Investigation. 

Space  Technology  Laboratories,  after  exasiinatlon  of  axperlnental 
date  froai  controlled  LC2/IF*1  spill  tests,  discontinued  attenpts  to 
detemlna  the  equivalent  weight  of  TMT  of  liquid  propellants  because 
of  too  nsny  unknowns.  Safety  distances  are  now  specified  besed  on 
tolerable  overpressures  which  in  turn  are  related  to  propellant 
weight  by  a  fourth  root  function  (see  Fig.  S-23). 

The  resulla  thus  obtained  agree  closely  (98t  confidence) 
with  axperlnental  data  fron  Atlas  explosions  experienced  at  the 
Atlantic  Missile  tenge. 

Spill  tests  are  currently  being  conducted  at  Edwards  Air 
Force  Ease  using  Titan  II  propellants,  tough  caLlwetcs  fox  the  TWT 
equivalence  of  the  M2^4  and  coeiblnatlon  are  tentatively 

thought  to  be  0.3  percent  by  wnlght26.  these  values  were  obtained 
by  one>tenth  and  onwslxteenth  linear  scale  Tlt:n  spills  conducted 
In  both  lined  and  unllned  "test  silos". 


4.2.2  Structural  Dsnage 

The  anount  of  danage  which  can  be  Inflicted  upon  an  object 
depends  upon  the  sMgnicude  and  duration  of  the  positive  and  itagatlve 
pressures,  and  the  structural  Integrity  of  the  object.  There  arc 
two  classes  of  forces  on  structures;  diffraction  and  drag.  Closed 
structures  are  generally  subject  to  diffraction  loading;  however, 
structural  sMabers  usually  require  analysis  for  both  diffraction 
and  drag  loading. 

Additional  hasards  are  created  by  flying  fragswnts.  The 
degree  of  the  resulting  hacard  depends  upon  the  slsc,  shape,  density, 
energy,  and  angle  of  attack  of  the  fragswnt  on  a  target  structure. 
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In  order  to  esecae  the  probable  damage  as  a  function  oC 
distance  for  a  surface  explosion,  it  is  neceastiry  to  establish  a 
relationship  between  an  air  burst  and  a  surface  burst.  Glasstone^^ 
has  indicated  that  for  a  f  xed  overpressure  the  distance  as  a  function 
of  T!lT  weight  varies  as  r.ie  cube  root  of  the  charge  (la  contrast 
with  the  fourth  root  relationship  established  by  STL  for  liquid 
propellants).  Assuming  the  earth  to  be  a  rigid  reflector,  the 
surface  explosion  has  trice  the  effect  of  an  air  burst.  This 
assuaq>tion  leads  to  the  conclusion  th^t  for  a  fixed  energy  release 
the  distance  variation  between  equal  overpressure  values  *^or  the 
surface  and  air  bursts  will  vary  by  a  factor  of  the  cube  root  of 
two  (1.26). 

Overpressure  damage  can  be  estlsuited  from  amteriai  available 
on  air  blast  daouige.  Fieure  4*32  indicates  extrapolated  values 
for  constant  overpressures  as  a  tunction  of  distance  and  yield  prepared 
from  air  blast  infomation.  Flgur»  4-33  represents  a  nomogram  for 
determining  the  damage  expected  for  air  bursts  varying  from  one 
kiliton  to  tventy  megatons  cf  TNT.  It  was  determined  in  a  preliminary 
report-'  that  aistances  and  yields  corresponding  to  a  fixed  overpressure 
obtained  from  Fig.  4-32  yield  equal  damage  estimates  from  Fig.  4-33. 

Figure  4-34  shows  the  separation  distances  required  for 
buildings  with  glass  windows,  filled  storage  tanks,  and  blast  resistant 
rrlnforccd  concrete  windowless  buildings,  whi^.h  are  affected  mainly 
./>’  <<iifraction  forces.  The  dashed  portion  represents  an  extrapolation 
o:  the  available  information. 

Large  hills  affect  air  blast  overpressures  by  increasln;? 
them  in  some  areas  and  decreasing  tiiem  in  others.  The  increase  or 
decrease  in  peak  overpressure  at  the  surface  is  dependent  upon  the 
char.gc  in  sl^’pc  of  the  land  For  very  steep  slopes,  there  may  be 
increases  up  to  twice  the  normal  value  due  to  reflection,  i:!  -e 
reduction  in  overpressure  be  expected  on  the  reverse  slop, 

if  It  is  also  quite  steep.  These  deviations  from  normal  overpressure 
are  very  short  in  dur<:tion  cosipared  to  the  length  of  the  positive 
phase.  For  this  reason  the  effects  of  terrain  are  not  expected 
to  be  significant. 

Prominent  features  of  the  landscape  may  shield  structures 
from  thermal  radiation,  missiles  and  drag  force*:,  but  little  reduction 
in  overpressure  can  be  expected. 
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FIG.  4-34  SEPAKATION  0! 


Under  suitable  condlti<'r.3 ,  window  breakage,  light  RCructural 
damage  and  noise  luay  be  experienced  at  distances  from  an  explosion 
at  which  they  nonaally  would  not  be  expected.  These  phenomena  are 
caused  by  the  bending  of  the  blast  waves  by  the  atmosphere  Ihia 
may  occur  in  either  of  two  ways.  The  fiial  is  due  to  atmosplier ic 
conditions  of  temperature  and  wind  conditions  within  the  hnttom 
six  miles  of  the  atmosphere.  The  second  .irises  frOM  conditions 
;it  I’eisht.s  of  25  miles  or  more  above  "round. 

The  peak  overpressure  for  a  surface  hurst  depends  on  the 
atmospheric  pressure.  With  increasing  altitude  overpressure  at  a 
given  distance  will  generally  decrease.  The  arrival  time  of  the 
shock  front  and  the  dur.ation  of  the  positive  phase  may  be  expected 
to  increase. 


4. 2. 2. 2  Fragmentation 

Explosive  fr.sgments  of  micslles  or  launch  pad  structures 
can  crc.ito  a  hazard  at  greater  distances  than  Che  reaulcant  overpressure. 
However,  d. an  age  from  flying  debris  has  a  probability  of  hit  which 
depends  upon  target  densities  as  a  function  of  distance  from  the 
source,  and  on  the  fragment  trajectories. 

The  randomness  of  range  for  fragments  is  illustrated  in 
a  preliminary  report^  (aee  Table  3  2-/  Cht-reinj  The  only  practical 
meant  of  protecting  storage  tanks  seems  to  be  by  separation,  by 
erecting  barriers,  or  by  utilizing  natural  barriers.  The  maximum 
range  of  frag.-nents  as  a  function  of  weight-to-drag  ratio  and  initial 
velocity  are  presented  here  in  Fig.  4-35  for  certain  almple  <-a8es. 


4.2.3  Table  of  Distances 


The  shock  wave  resulting  from  an  explosion  sh.ntcers  .-nid 
crushes  obstructions  as  It  speeds  outward  from  the  source.  Its 
intensity  decresset  as  it  travels  until  it  is  no  longer  cap.able 
uf  causing  damages.  By  analyzing  the  data  available  from  accidental 
explosions,  Cables  of  dltt.'inces  have  been  established  to  predict 
distance  at  which  damage  may  be  expected. 
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The  "American  Twble  of  0: stances"  was  eatablished  in  1910 
and  haa  served  as  a  basis  for  state  laws  and  for  irmcd  services 
regulations.  This  table  Is  based  upon  and  intended  primarily  for 
high  explosives,  and  is  limited  to  a  maxlmusi  weight  of  explosive 
of  500,000  pounds  (for  which  the  reconssended  distance  Is  5,410  feet). 
The  "American  Table"  specifies  greater  distances  than  necessary  for 
small  quantities  of  explosives,  but  smaller  than  needed  for  large 
quantities'^,  jc  jg  thus  preferable  to  look  to  the  recent  military 
regulations  for  data  governing  rocket  propellants. 

TVo  classes  of  explosives  (Class  9  and  Class  10)  as  defined 
in  the  Ordnance-  Safety  Manual^^  are  gerisane.  Typical  Class  9  items 
include  dynamite,  nitroglycerin,  solid  propellants,  snd  pyrotechnic 
materials.  Included  in  Clasb  10  are  igniters,  JATO  units,  and  high 
explosive  rocket  heads.  However,  both  classes,  represented  by  a 
consaon  quantity  distance  table,  are  now  employed  to  govern  liquid 
propellant  storage. 

The  common  quantity-distance  relationship  for  Classes  9 
and  10  are  represented  by  curves  A  and  B  in  Fig.  4-36.  Curve-  A 
gives  the  separation  to  inhabited  buildings  for  two  conditions; 
the  top  fork  of  the  curve  applies  when  -.to  barricades  are  prosent, 
while  the  bottom  cur/e  allows  reduced  distances  when  barricades 
are  present.  Applicable  distances  to  public  rall.-oads  and  public 
highways  wuhoat  a  barricade  would  be  slightly  larger  than  the 
distance  to  inhabited  buildings  with  a  barricade. 

Curve  B  defines  the  ntraline  separation  between  storage 
facilities  for  unbarricaded  conditions.  The  intraline  distance  is 
the  minimum  required  between  buildings  handling  explosives  in  s 
single  operating  or  manufacturing  line.  It  is  based  on  the  use 
of  a  fixed  average  peak  presnure  for  determining  limiting  distances 
for  structural  dansgc .  Thus,  on  the  basis  ot  tnis  constant  peak 
pressure  (average  of  2.6  psi).  curve  B  can  be  extrapolated  to  larger 
quantities  as  shown  by  the  broken- line  extension. 

Curve  B  may  also  be  applied  in  the  situation  where  a 
barricade  is  available,  simply  by  reducing  the  -lislauces  by  one-half. 
Barricades  are  primarily  effective  in  reducing  the  direct  blast  dasuge 
effects  of  an  explosion.  They  should  not  be  used  to  decrease  distances 
when  fire  or  fragmentation  hazards  are  dominent. 


DISTANCE  (FEET 


Liquid  propt Hants  which  *rc  grouped  together  for  the 
purpose  of  quantity-distance  sped  fleet  ion  Include  nitric  acid,  kerceene, 
aniline,  ethyl  alcohol,  liquid  oxygen,  anhydrous  anmonla,  hydras ine 
and  UDMH.  The  oxldltcrs  and  fuels  of  this  class  should  be  separated 
In  accordance  with  curve  C  (consisting  of  three  horisontal  segaaints) 
of  Fig.  4-36  as  specified  by  Ref.  28.  These  distances  aay  be  reduced 
by  one-half  If  the  products  arc  alo.cd  In  underground  tanka.  Whec 
these  substances  amst  necessarily  be  brought  together,  their  combined 
weight  should  be  used  and  the  distance  equal  to  onc-hilf  that  specified 
for  curves  A  and  B  will  be  applicable. 

Another  grouping  of  liquid  propellants  Include  hydrogen 
peroxide,  diborane,  pentaboranc,  alunlnusi  borohydride,  liquid  hydrogen, 
nltrosMthane  and  tetranltromethan*!.  The  applicable  quantity-distance 
requirements  for  these  materials  are  also  given  by  curves  A  and  B. 

No  quantity-distance  requlrcsmnts  have  yet  been  determined 
for  liquid  nitrogen  tetroxide,  liquid  fluorine  and  metallic  lithium 
because  of  such  dependent  variables  as  terrain,  wind  and  weather 
condition.  The  arbitrary  limitation  suggested  by  the  Ordnance  Safety 
Manual  for  these  suterlals  is  250,000  pounds  In  any  one  location. 

Curves  D  end  E  were  detertined^^  from  an  analysis  of  s  large 
nuad>cr  of  explosion  disasters.  The  former  curve  represents  the  grealesl 
distances  at  which  "more  serious  damage"  has  been  reported  from  high 
explosive  detonations,  while  curv*  E  shows  the  distances  up  to  which 
"more  serious  damage”  sMy  be  expected.  Curve  D  gives  possible  distances, 
while  the  latter  curve  gives  probable  distances.  "Mors  serious  damage" 
encompasses  the  range  from  a  structure  badly  needing  repairs  to 
complete  demolition. 

Manufacturers  of  liquid  rocket  propellants  also  provide 
tables  of  recosssonded  distances  for  their  products.  However,  these 
relate  to  storage  of  materials  and  not  to  possible  explosions  of 
a  fueled  missile. 

Tables  b*''*  been  derlvcd^^  for  liquid  hydrogen  based  on 
radiation  end  flame  slse  data.  Table  4-*.'  assumes  the  prevention  of 
formation  of  shock  seitaiiive  mixtures  of  hydrogen  and  therefore 
does  not  provide  protection  against  detonation. 
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QUANTITY-DISTANCE  TABLES  FOR  LIQUID  HYDROGEN 


Dlatanca  Co  inhabited  building a 

Dlatanca  betwaan  atoraga  tanka 

Pounda 

Dlatarce 

Pounda 

Dlatanca 

Over 

not  over 

(feat) 

Over 

not  over 

(feat) 

0 

200 

100 

n 

2,000 

50 

200 

1,000 

150 

mWyA 

10,000 

100 

1,000 

5,000 

200 

10,000 

20,000 

150 

S.OOO 

20,000 

250 

40,000 

200 

20,000 

40,000 

300 

40,000 

60,000 

250 

40,000 

100,000 

350 

60,000 

100,000 

300 

TOXICITY  NAZARDS 

Ixpoaor*  of  forooiuMl  to  toxic  fuaoo  !•  gonovally  aisoclatod 
with  propollmt  tfllU  tad  leak*,  vith  dlapoaal  of  xaato  and  raatdua, 
and  wicn  uaforaaaan  diaaatara  such  aa  tank  ruptur*  on  Cha  launch  pad 
or  ■laail*  daotructlou  aftar  launching.  For  cootlnuoua  low- 

Icral  air  contaaiaation  chare  ara  volunrarr  Induatry  atandardo  known 
aa  Thraohold  Lialc  Valuao  (or  naxinua  niiowablu  Concaatratlona)  which 
hara  gained  vide  accaptanca. 

Under  enargancF  condlClona  at  the  cine  of  a  dlaaacor,  paraonnal 
■ay  InadrartaaClF  bacoa*  axpooad  to  an  axtanC  whara  conpanaatory  body 
funcClona  begin  (ouch  aa  Incraatad  cardiac  output  or  Increaaad 
raaplration) .  Unfortunately,  thaaa  critical  concentration  lovala 
cannot  be  apaciflad  ainca  chare  ara  no  accopted  atandarda  relating  to 
allowable  abort  cam  axpoaura. 


A. 3.1  Maxinun  Allowable  Concantrationa 

HAC'a  ara  Cha  naxianaa  average  atnoapherlc  concentration 
of  contaaiinant  to  which  workera  nay  be  oxpoaed  for  repetitive  elgb*'- 
hour  working  dayo  without  injury  to  health  (Ref.  30  and  31).  The*# 
valuaa  are  baaed  on  the  beat  available  Infomation  fron  Induatrlal 
experience  and  experinental  atudiea.  Specific  nunerlcal  valuea  have 
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b«*a  adopted  for  moat  volatile  IriUua trial  chemlcalu,  iiulutllng  those 
■aterlala  used  as  rocket  propellantx.  The  values  are  not  fixed  but 
are  reviewed  annually  by  a  Committee  on  Threshold  Limits  of  the 
American  Conference  of  Go'.'arnmant  Induatrial  Hygienists.  This  body 
Is  b  voluntary  association  whose  membership  is  open  to  and  includes 
a  large  number  of  profcsalonals  and  technical  adminisliatura  In  the 
fields  of  Industrial  medicine  and  public  healtt'. . 

Maximum  Allowable  Concentrations  are  guides  to  good  practice 
and  are  not  regarded  as  fine  lines  between  safe  and  dangerous  concentiations. 
Nuswrlcal  values  for  rocket  propellants  are  listed  In  Tabic  4-VI. 

These  are  weighted  average  concent  rat  Iona  alli-wable  for  an  eight-hour 
working  shift.  In  normal  industrial  practice  brief  exposures  to 
higher  concentrations  are  anticipated;  however,  the  amount  by  which 
the  MAC  may  be  exceeded,  and  the  corresponding  exposure  time  depends 
on  Che  specific  propellant. 


4.3. l.l  Types  of  Exposures 

AC  a  missile  launch  site,  punalble  toxic  exposures  can  be 
grouped  Into  four  categories.  First,  there  are  those  exposures 
which  arc  sudden,  but  are  expected  from  time  to  lIbm  and  for  which 
protective  sMasures  are  Instantly  used.  Second,  there  are  those 
exposures  with  no  forewarning,  where  a  person  will  evacuate  tc  a 
fresh  air  location  as  soon  as  he  Is  able,  within  a  matter  of  minutes. 
Third  arc  chose  exposures  with  some  prior  warning,  where  a  decision 
mmy  be  made  to  suffer  the  exposure  (for  Instance,  to  meet  a  schedule) 
or  to  evacuate.  Fourth  are  t'*nse  exposutes  which  may  be  continuous 
low-level  lingering  concentrations,  due  either  to  continuous  releases 
of  the  sMtcrlal  or  Co  an  alr-pollutlon  situation.  The  first  two  oi 
these  relate  to  accidental  events,  while  the  third  and  fourth  classes 
arc  presumed  to  b«  somewhat  under  the  regulation  and  control  of  the 
launch  site  operator. 

These  foui  «.ai.egorics  of  exposure  can  be  distinguished  by 
periods  ot  time:  (1)  one-minute,  (2)  fifteen  minute,  (3)  four  hour, 
and  (4)  continuous  exposure.  For  the  last  category,  continuous 
exposure,  the  launch  site  operator  is  expected  to  follow  practices 
which  will  not  expose  personnel  beyond  the  MAC  values  listed  in 
Che  first  column  of  Table  4-VI. 
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TABU  4-VI 


VATOR  OOMCEimAIIOn  inn>  fOR  SITINC  OOMPUTAnONS 


(rAin  Pit  MILLION) 


Chronic  Ixpocuro 


8  Hr.  Industrial 
Thrssbold  MAC 


Acute  Exposure 


4  15  1 

Hours  Minutes  Minute 


daliM  Fuels 
AMonln 
Alkyl  loranns 
Chlorlnn  Trlfluorlds 
Ithylsnn  Oxide 
Fluor Ins 
Rydrsz Ins 
Hydrocarbon  Fuels 
Rydrogan  Faroxlds 
Nitric  Acid 
Rltrogsn  Tstroxlds 
Fsrchloryl  Fluoridt 
Propyl  Hltrsts 
Ts t raf luorohydrox Ins 


1,000  10,000 


,000  20,000 


Tie.  fnur  columns  lidvc  no 

ofllci.il  nt/itus  TTici  'll'  n”  I'l  jir.  c.  t 
i"r''  l  opinion  ol  the  For"  Moior  l\<. 
Ill'-  i  .  b.  N.icv,  .ir  .inv  .n-''' ■,  v 
I  i':i  11  r'U'O  .V  i  1  h  T  I  t  li  .1  ml  '  1 1  •  l 


For  the  short-term  exposures,  no  guide  line  values  bsve 
been  proposed  ss  yet  by  industrial  health  specialists.  The  Importance 
of  these  values  to  missile  launch  site  planning  was  pointed  out  in 
a  nrellmlnary  report^.  Lacking  any  definitive  values,  basic  information 
ill  the  literature  of  toxicology  was  surveyed,  from  whidi  souic  arbitrary 
numbers  were  developed  to  serve  as  a  basis  for  site  survey  computations. 
These  are  listed  in  Table  4-Vl.  However,  these  numerical  values  should 
be  used  cautious ly-they  have  no  official  status  and  represent  no 
formal  opinion  either  by  the  Ford  Motor  Company,  the  U.  S.  Navy  or 
any  agency  concerned  with  health  and  safety  practices. 

An  important  aspect  of  the  toxic  hazard  presented  by  rocket 
propellants  is  their  ready  detection  by  smell  or  nasal  irrlt'ition. 

The  alkyl  boranea,  for  example,  have  a  mild  odor  but  are  highly 
toxic.  Propellants  which  are  both  highly  toxic  and  highi  irritating 
ii.clude  chlorine  trlfluoride,  fluoride,  hydrazine,  nitric  acid, 
nitrogen  cctroxide,  peichloryl  fluoride,  and  tetraf luorohydrerine 
Those  which  are  Irritating,  but  only  mlld*y  toxic  include  amine 
f.iels,  aamionia,  and  hydrogen  peroxide.  Lastly,  those  which  are 
mildly  toxic  non-irritating  are  ethylene  oxide,  hydrocsi  '■ 
fuels,  and  propyl  nitrate. 


A. 3. 1.2  Sources  ot  Exposure 

With  regard  to  toxic  hazards,  missile  launch  site  activities 
esn  be  divided  into  three  classes:  (I)  propellant  storage  and  transfer 
relating  to  ground  support  activities,  (2)  the  ready  condition  when 
a  fueled  or  partially  fueled  visnlle  is  on  the  launch  pad,  and  (3) 
the  missile-  in  flight. 

These  laijnch  activities  differ  with  regard  to  the  alertness 
of  personnel  to  prospective  danger,  to  the  means  of  coping  with  a 
•pillage  or  release  and  to  the  readiness  of  personnel  to  seek  protection. 

Kecommended  practices  for  the  ground  support  activities  of 
propellant  storage  and  transfer  are  those  practices  coimaon  to  the 
rhenical  and  petroleias  inoustry.  Propellants  should  be  handled  in 
closed  syatems.  Expected  wsrIcs  and  residues  should  be  burned  or 
disposed  under  controlled  conditiens.  Tanks  should  be  surrounded 
by  dikes,  with  ample  containment.  A  copious  water  supply  should 
be  on  hand  with  adequate  distribution  to  all  parts  of  the  preirises. 
Personnel  should  wear  industrial  protective  clothing  at  work. 
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On  the  alssile  launch  t>a<i ,  »  condition  oi  latent  danger 
exists  from  the  time  the  propellant  is  transferred  until  the  missile 
is  launched.  Should  tanks  rupture  or  valves  open,  personnel  clone 
to  the  missile  will  be  exposed  to  flood  quantities.  To  minimize 
the  consequences  of  a  mishap,  the  number  of  personnel  at  the  launch 
pad  should  be  kept  at  a  minimus).  Escape  mutes  fo.  everyone  should 
be  planned  in  advance,  including  rapid  transportation  to  distances 
beyond  the  predicted  toxicity  hazard  area. 

Toxic  hazards  associated  with  the  missile  in  flight  are 
mainly  those  of  transient  concentrations,  downwind,  following  the 
release  of  either  the  exhaust  products  or  the  unburned  propellant 
vapors.  Exhaust  products  of  most  rocket  propel lanta  can  be  tolerated 
for  a  short  time  up  to  a  few  hundred  parts  per  million.  Products 
of  fluorine  or  boran*:  combustion,  however,  must  always  be  quite 
dilute.  Suggested  allowable  concentrations  for  fluorine  or  borane 
exhausts  are  those  which  would  be  allowed  for  the  unbumed  fluorine 
or  borane  propellant.  Ground  distances  between  allowable  inhabited 
sites  and  the  flight  path  can  be  estimated  from  the  cherts  In  Section  4.3.3. 
Allowance  should  be  made  for  flight  in  'jnplanned  directions. 


*>.3.2  Atmcsaheric  Diffusion 

The  diffusion  of  toxic  materials  released  during  normal 
ofieratlon,  accidental  spills,  and  system  abortions  will  play  a 
major  role  in  determining  the  extent  of  the  toxic  hazard.  Information 
considered  to  be  important  to  the  toxicologist  for  evaluation  of  the 
hazard  are:  psak  concentration,  duration  of  exposure,  and  cumulative 
expoeure.  Peak  concentration  ie  normally  c''P«id*>'i>d  tu  be  the  >r>ost 
Important  criterion  because  of  the  '-.esltancy  in  assumtitg  ^hat  the 
eight  hour  per  day  maxiiaum  allowable  concentration  (MAC)  should  be 
exceeded  even  for  very  short  durations,  '.'he  potcntisl  value  of  the 
two  remaining  parameters,  to  rhe  toxicologist,  will  become  important 
when  more  is  known  concerning  t'.r  effects  of  "high",  short*duratlnr. 
exposures.  Tltc  integrated  concentration  and  the  duration  of  exposure 
ere  also  useful  parasmCers  for  cstisMtlng  the  peuk  LoOLeulratior. 
resulting  from  a  finite  point  source  from  the  .ivsilsble  lnstantan«'Ous 
point  source  dsta. 


4.3  2.1  Sutto'^'3  Lquacion 


Sutton's  equations  and  modlttcat  ions  thereof  provide  the 
1IH.1SI  commonly  accepted  methods  of  estimating  the  downwind  concentrations 
to  be  expected  from  a  release  of  toxic  material.  The  particular 
form  to  be  stated  here  is  the  result  of  incurpoia'.  log  modif  icatier.c 
resulting  from  experimental  diffusior.  programs  (see  Ref.  4).  For 
an  lli.sL<i.ll.<in£Ou£  point  sour'-"  fbe  equation  is 


WQ 


c  c  c 

X  /  z 
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-  X  y'  ' 
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n 
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concentration  on  the  ground  (?PM) 

.  _  Meters^> 

constant  (PPM  -  — j-g -  ) 

quantity  release  <lb) 

downwind  virtual  diffusion  coefficient  (neters)"x^^ 

n  /’ 

crosswind  virtual  diffusion  cocttlcient  (meters)  y 

n  /  2 

vertical  virtual  diffusion  coefficient  (meters)  z 

downwlrid  stability  parametoi 

crosswind  stability  parameter 

average  wind  velocity  (meters/spi) 

time  since  release  (sec) 

downwind  distance  (meters) 


y  •  crosswtnd  distance  (meters) 

«  vertical  stability  parameter 
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h  ■  source  relesse  '.li?  tude  (sMters) 


>  fallout  velocity  (Mcters/sec) 
yV.  ■  scavenging  rate  (sec  S 


The  usefulness  of  the  foregoing  equation  is  contingent 
upon  a  knowledge  of  values  for  the  various  Sutton  paraaeters  as 
well  as  the  applicability  of  the  point  source  approxiuation. 
Ideally  the  criteria  for  parasiater  evaluations  would  be  kno«m  on 
the  basis  of  experinentally  deterained  terrain  effects  and  a 
constantly  swnltored  atnoaphera  at  the  launch  site  (see  Appendix  B 
and  Ref.  4).  However,  for  Illustrative  purposes  values  for  the 
diffusion  parameters  can  be  asauaed  which  are  representative  of 
conditions  expected  at  any  location.  Three  typical  conditions 
are  listed  in  Tsble  4 -VII.  The  ataospherlc  condition  terainology 
is  shown  schematically  in  Fig.  4-37. 


TABU  4 -VII 


DIFFUSION  PAIAMETRRS 


AtsMspheric 

Condition 

n 

(nuMsric) 

<: 

U 

(oMtter«/sec) 

Moderate  Lapse 

0.20 

0.40 

5.15 

Average 

0.23 

0.2U 

5.15 

Moderate  Invercicr. 

0.35 

0.  iO 

3. 1 

The  vslues  listed  in  Table  4-VII  Indicate  assuaptions  of 

isotropic  diffusion  (C  *  C  >  C  «  C,  n,  ■  n  an  ■  n) ,  no  fallout 

X  y  z  «  y  z 

(V  *0),  no  rainout  (A.*  0),  and  a  ground  level  release  (h  ■  0) . 
Justiilcation  ot  these  assumptions  is  based  upon  rhe  i'^'llowing  facts; 

a.  The  magnitude  of  departure  from  isotropic  conditions  is 
not  established. 

b.  A  gas  noraaliy  exhibits  only  s  slight  tendency  toward  fallout. 

c.  It  will  most  likely  not  be  raining. 

d.  A  ground  level  release  represents  the  tnosi  pessimistic 
coiiii •  c i mi  foL  close  distances. 
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ric.  4-37  ATMOSPHERIC  CONDITIONS 
(TERMINOLOGY) 
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4. 3. 2. 2  Machine  Proaram 


The  usua'  setho'’8  for  calculating  concentrations  by  Sutton's 
equation  lnvo'>/e  simplifying  assumption*.  These  normally  consist  of 

freezing  the  cloud  distribution  ac  a  time  (t  ”  — ~  1  and  '■.)t  allowing 

the  cloud  to  diffuse  during  passage.  Simple  re latlontnilp't  can  thereby 
be  determined  for  the  peak  and  Integrated  concentration  as  a  function 
of  distance.  However,  tne  actual  case,  consisting  of  a  constantly 
diffusing  cloud,  can  be  easily  treated  by  use  of  a  machine  program. 

The  cloud  Is  frozen  only  to  determine  the  limits  for  integration 
( ree  Ref.  4) . 

Equation  4-19  was  programmed  for  an  IBM  709  computer  and 
values  determined  for  the  parameters  listed  in  Table  4-VII.  These 
values  are  available  in  graphical  ^orm  In  a  preliminary  report^  and 
shall  not  be  repeated  here. 

Nuiueilval  calculations  Indicate  a  peak  concentration  which 
Is  higher  under  a  diffusion  condition  than  the  peak  attained  at  t  =•  d/u, 
by  passage  of  the 'frozen 'cloud.  The  peak  under  diffusion  conditions 
leads  by  a  short  time  the  peak  under  'frozen'  conditions.  These 
differences  appear  to  be  small  enough,  for  the  parameters  listed  In 
Table  4-VII,  to  be  neglected  on  the  bssis  of  comparison. 


4.3.3  Concentration  Estimates 


The  approximate  equations  normally  derived  from  Sutton's 
equation  provides  a  reasonably  accurate  method  for  concentration 
predictions  within  the  range  of  parameters  given  In  Table  4-VII. 

In  addition  to  the  instantaneous  point  source  predictions, 
approximations  can  be  obtained  for  a  finite,  constant  rate -of-release , 
print  s  Oui Cc ■  Peak  concentration  for  a  finite  release  is  determined 
by  calculating  the  fraction  of  the  equilibrium  concentration  that  Is 
reached  as  a  function  of  distance  from  the  source.  This  fraction  is 
obtained  from  Klg.  4-38  as  a  function  of  the  latio  of  the  release  time 
to  the  duration  for  integration. 

It  can  be  easily  shown  that  the  equilibrium  concentration 
is  equal  to  the  integrated  concentration  when  the  release  rate  is 
substituted  for  the  quantity  released  from  an  Instantaneous  point 
source . 


traiimKiiDNOD  Hnivaiii.iba  to  noiidwj 
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FRACTION  OF  CONTINUOUS  POINT  SOURCE  EQIILIBRIUM  CONCENTRATION 
(FINITE  RELEASE  THE) 


Tlie  equationb  opi^llcdule  piedictiiqj  pe.ik  concentration, 
integrated  concentration,  tind  duration  for  integration  for  an 
instantaneous  point  source  and  Isotropic  diffusion  are  the  follo<-'ing- 


Peak  Concentration 


Integrated  Concentration 


/  W  \  3.62  X  10^  F-  CX^  ~1 

I—)  -pY-  L  wj 

/  W  N  6.37  X  10*  n  . 


(ppis) 

(^>•20) 


Duration  of  Integration  •  ^  ^  (**^*) 


(4*n) 

(4-22) 


Where  ^  ■  d^^  2^ 

a*  ■ 


M  •  Molecular  weight  of  toxicant  (gm) 


W  ■  Toxicant  release  (lb) 

Values  for  phi  (^)  are  presented  graphically,  as  a  function 
of  distance  (d)  and  Sutton's  stability  parameter  (n)  ,  in  Fig.  4-39. 


4.J.3.1  On-Axis  Case 


From  C-l?.  <’n-20),  (4-21)  and  (4-22)  concentration  estimates 
for  the  on-axis  case  can  be  niade  for  any  given  set  of  diffusion 
parsaeters.  On-axis  swrely  describes  the  special  situation  for 
which  the  point  of  Interest  lies  directly  downwind  from  the  source. 
For  a  ground  level  release  the  value  of  alpha  is  equal  to  Kero  while 
for  an  elevated  source  height  alpha  is  equal  to  the  altitude  of 
re  lease . 


Graphical  representation  of  the  peak  concentration,  integrated 
concentration  and  duration  of  Integration  for  the  ground  release,  on-axls 
case  CTT  h-  o-.r<’y  '’btclr.sd  by  calculating  two  points  at  different 
instances  and  plotting  the  results  on  log-log  graph  paper.  The  results 
of  these  plots  are  all  atralghl  lines  and  easily  extrapolated.  To 
facilitate  the  calculation  a  curve  ot  phi  tor  two  fixed  distances 
as  a  function  of  stability  parameter  have  been  prepared  and  presented 
in  Fig.  4-40.  This  cur/e  reprosenta  a  cross  plot  of  Fig.  4-39. 
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FIC.  4-39  WC»KING  CURVE  FOR  DIFFUSION  CALCULATIONS 


-40  STABILITY  EFFECT  ON  DISTANCE  FACTOR  (CONSTAJfl  DISTANCE) 


With  the  use  of  the  prece'<inft  figures  and  equations,  and 
at<suining  or  measuring  the  local  values  for  the  virtual  diffusion 
coefficient,  the  Sutton  stability  parameter,  and  the  wind  velocity: 
the  points  to  be  plotted  can  be  obtained  by  simple  slide  rule 
calculations. 

The  foresoing  is  ea tilv  illustrated  by  utilizing  the 
described  procedure  for  average  conditions  (n  -  0.25,  C  *  0.20, 
and  u  -  5.15).  Values  of  phi  are  obtained  from  Pig.  4-40  for  the 
given  stability  parameter  (n  «  0.25)  at  distances  of  0.10  miles 
=  85.5)  and  10  miles  (4  ~  4720).  The  points  to  be  plotted  are 
given  by  the  following: 

Peak  Concentration  (Average  Condition) 

(ppm 


^0. 1  mile 
^ 10  mi les 


7.25  X  10 


4.  V  lO 


-3 


Integrated  Concentration  (Average  Condition) 
0  1  trlle 


4.24  X  10^  (ppjT-scc  .  tI) 

w 


r  X 

Jt  10  mil 


es  -  1.39 


(ppm-sec  .  -) 


Duration  for  Integration  (Average  Condition) 

^0,1  mile  -  1.82  x  10^  (sec' 

^10  miles  «  1.0  X  10^  (sec) 

Tncae  values  are  plotted  in  Fig.  «»-41  .  Corresponding 
values  for  the  other  diffusion  oara'iietcrR  listed  in  Table  4-VII 
are  also  given. 
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4.3.S.2  Off-Ax<£  Case 

The  otf-axls  case  ca*'  also  be  obtained  Irom  Eqs.  (4-20), 
(4-21)  and  (4-22),  and  represent  the  conditions  for  which  alpha  Is 
not  zero.  For  Isotropic  diffusion  alpha  equals  the  square  root  of 
the  sum  of  the  squares  of  the  source  elevation  (h)  and  the  cross 
wind  distance  (y)  ;  a  condition  which  is  not  true  for  non-isotropic 
diffusion.  However,  for  preliminary  siting  purposes  the  degree  of 
anisotropy  Is  not  known  and  Isotropy  Is  a  reasonable  assumption. 

When  alpha  is  not  zero  the  peak  and  integrated  concentration 
values  will  be  a  maximum  at  S'xne  distance  from  the  release  point  and 
will  then  decrease  (approaching  the  value  obtained  for  the  c.nsc  where 
alpha  equal  zero)  as  the  distance  from  the  point  of  release  Increases. 
The  distances  at  which  these  maximum  values  occer  are  easily  obtained 
by  differentiating  Eqs.  (4-20)  and  (4-21)  with  respect  to  phi  and 
equating  the  result  to  zero.  This  procedure  yields  the  following: 


(a)  For  Maximum  Peak  Concentration, 

.6 


,niax 


3.62  X  10 


,xp  (.l.i)  (-1.5)  (PP»  .  j) 


which  occurs  when 


L2  •l^L 


(4-23) 


3C‘' 


(b)  For  Maximum  Integrated  Concentration, 

,6 


(4-24) 


which  occurs  when  "^2 — 


The  conditions  listed  above  provide  the  means  for  determining 
the  distance  at  which  the  maximum  concentration  will  occur.  Knowing 
alpha,  the  virtual  diffusion  coefficient,  -^nd  the  stability  parameter 
the  value  of  phi  can  Lc  calculated  and  the  distance  found  by  utilization 
of  Fig.  4-39. 


-92 


This  procedure  has  bee»i  accomplished  for  several  values 
of  alpha  (see  Fig.  4-42).  Points  other  than  the  maximum  values 
were  hand  calcaulated  and  are  also  presented.  For  convenience, 
the  values  of  alpha  are  given  in  feet;  however,  to  illustrate 
the  procedure  the  value  will  necessarily  be  given  in  meters.  For 
illustri.tion  purposes,  one  maximum  peak  concentration  will  be 
determined  ipi.  '  1000  ft.  or  305  meters).  From  the  condition  above 
for  maximuri  peak  concentration,  and  again  assuming  average  weather 
conditions  (n  •  0.25,  c.  •  0.20,  and  u  •  5.13),  phi  is  determined 
to  be  1.25  X  10^.  By  using  this  value  of  phi  and  the  given  stability 
parameter  (n  «  0.25),  the  dlstanc*-  to  fflaximum  ground  level  peak 
concentration  is  determined  (from  Fig.  4-34)  to  be  2.15  miles.  The 
concentration  at  this  point  is  essentially  0.22  (e"^‘^)  times  the 
peak  concentration  for  the  average  condition  (Ot »  0)  in  '•'■•g.  4-42. 


4. 3. 3.3  Applicability  of  Results 

Results  obtained  oy  the  methods  described  herein  represent 
reasonable  approximations  for  purposes  of  preKinlnary  launch  siting 
studies.  Sutton's  equation  has  purportedly  been  used  to  accurately 
predict  roncentratlcns  at  distances  up  to  several  kilometers. 

However,  .'ven  Chough  the  method  is  questionable  ar  greater  downwind 
distances,  it  still  provlde.s  a  "best  estimate".  Such  estimates  sre 
necessary  d  te  to  the  large  propellant  inventories  associated  with 
large  booster  8ysten>8.  It  is  difficult  to  be  more  specific  concerning 
the  accuracy  of  Sutton's  equations  due  to  the  lack  r>t  sutficient 
experimentdl  evidence  over  large  distances. 

When  the  degree  of  anisotrophy  to  be  expected  is  cstablis.ied 
(as  by  the  gas  release  and  atmospheric  diffusion  tests  described  in 
Appendix  B)  new  estimates  can  be  accomplished  by  considering  phi  to 
be  a  function  of  direction  >*^.>4^.^  separating  Sutton's 
equation  into  three  gauss ian  comp^nenfs.  Each  can  then  be  treated 
separately  by  the  approach  described  here. 
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SECTION  i 

TYPICAL  SITING  PROCEDURE 


Siting  procedure  ran  he  beaed  upon  the  location  of  a  launch 
pad  for  a  fixed  rocket  ayateai  or  upon  the  determination  of  vehicle  aiae 
limitations  for  a  fixed  aite.  For  both  aituationa  the  procedures  are 
dependent  upon  the  aame  parameteia  and  require  the  aamc  degree  of 
detail.  In  de'erraining  vehicle  aize  limitation  aufticient  weather 
and  Lerralr.  inferaatior.  would  be  avaMehte  eo  a«  to  require  only  data 
collection  at  the  launch  pad  and  imatediately  adjoining  area.  A  new 
inacallaiion  requirea  eatioating  and  later  eatabliahing  the  neceaaary 
terrain  and  weather  information  for  preliminary  and  final  siting 
ana  lyses . 


In  order  to  include  the  required  criteria  for  both  aituationa, 
a  Nova-type  vehicle  was  chosen  for  aitlng  at  a  new  installation.  A 
site  location  is  hypothesized  and  described  along  with  the  prevailing 
climatic  conditions,  terrain,  and  eartli  structure.  Measurement 
surveys  necessary  to  establish  final  site  desirability  are  di^c-'ssed. 

The  analytical  procedurc-e  of  Section  4  ar ;  used  to  estimate  the  launch 
hazards  for  the  hypothetical  vehicle  and  launch  site.  ihece  results 
ar^  used  to  specify  the  location  and  configuration  of  the  launch 
complex,  and  to  define  the  constraints  on  launching  operations. 
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5.1  iriTOrHEfr  AL  initial  rONDITlONS 


Hazards  evaluation  requires  somewhat  detailed  description 
of  the  perforiuance  of  the  rocket  system  to  be  launched  as  wei  i.  as 
the  climatology,  topography,  hydrology,  and  b  u  logy  of  the  laiir.ch 
site.  In  addition  it  Is  necessary  to  know  the  population  and  location 
of  nearby  t::'wna,  cltias,  and  housing  areas  to  assess  the  degree  of 
hazard  to  the  community. 


5.1.1  Assumed  Launch  Vehicle 


The  hypothetioal  system  <s  patterned  closely  after  the 
Vova-type  vehicle,  the  first  or  booster  stage  will  consist  of  a 
cluster  of  six  1 . 5-mi I  lion-pound-thrust  F-1  engines  itilizing 
LO^/RP-l  propellants  for  a  total  takeoff  thrust  of  9  million  pounds. 

The  vehicle  has  three  stages  and  is  capable  of  placing 
a  large  useful  payload  Into  orbit.  The  second  stage  Is  assumed  to 
consist  of  three  large  engines  of  the  F-1.  type,  each  with  a  thrust 
at  altitude  of  2  million  pounds.  In  order  to  highlight  toxicity 
hazards,  the  second  and  tnird  stages  are  assumed  to  utilize  nitrogen 
tetroxlde  (NjO  )  as  oxidizer  and  a  o0-50  mixture  of  hydrazine  (N.H.) 
and  LTHH  as  fuel.  Characteristics  of  the  hypothetical  vehicle  which 
are  important  from  the  launch  hazards  standpoint  arc  summarized  in 
Table  j-I. 


The  hypothetical  vehicle  will  be  assumed  to  have  a  takeoff 
weight  01  6  million  pounds  and  a  ratio  of  thrust  to  weight  of  1.5. 

The  net  Inirial  upward  .icceleratlon  will  be  about  0.5g.  Figure 

5-1  presents  the  dynamics  fer  the  hypothetical  vehicle  during  the 

early  phases  ot  flight  v,hi.h  are  important  for  launch  h^rard  cuns  idp»-.a  M  ons 

Engine  cltscer  configurations  for  the  first  and  second 
stages  are  8ho*-n  in  Fig.  5-2.  An  overall  diameter  of  tw-tlve  feet  per 
engine  has  been  assumed  for  the  first  stage  to  allow  for  girobaling 
arid  to  elioiinate  undesirable  exhaust  inte.  Terence,  ihe  second  stage 
propulsion  system  would  be  composed  of  ti.iee  eiigiiicS  in  a  triangular 
arrangement.  The  upper  stage  expansion  ratio  will  be  greater  than 
rot  the  booster  and  therefore  requires  a  larger  nozzle  area. 

The  blast  deflector  configuration  for  the  hypothetical 
missile  is  represented  by  Fig  5-3.  This  transversely  symmetrical 
defle''Cor  conforms  with  current  designs  (Saturnl  and  offers  a 
predicted  aiihstantlal  reduction  in  the  acoustical  power  level  generated 
by  the  booster  engines. 
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TABLh  3-1 


CHARACTERISTICS  OF  HYPOTHETICAL  VEHICLE 


Nufflbfir  of  Engine* 

Thrust  per  Engine*  (Pounds) 
Chamber  Pressure  (PSIA) 

Nozzle  Area  Ratio 

Nozzle  Exit  Diameter  (Feet) 

Total  Thrust  Per  Stage*  (Pounds) 

Oxidizer  Type; 

Fuel  Type 

Specific  Impulse*  (Seconds) 
Propellant  Flow  Rate  (Ib/sec) 
Burning  Time  (seconds) 

Mass  Mixture  Ratio  (0/F) 

Oxidizer  Weight  (Pounds) 

Fuc’  Ueliht  (Pounds) 

Total  Propellant  Weight  (Pounds) 

Volume  Mixture  Ratio  (0/F) 
Oxidizer  Volume  (feet^) 

Fuel  Volume  (feet^) 


FIRST 

STAGE 

SECOND 

STAGE 

THIRD 

STAGE 

6  , 

3 

1 

1.5  X  10 

2  X  10® 

2  X  10 

1000 

1000 

1000 

10 

16 

16 

10 

12 

12 

6 

b 

6 

9  X  10 

6  X  10 

2  X  10 

"A 

'  ■! 

RP-1 

K.H,  &  unw 

2  4 

N,H,  6  UDMH 
2  4 

263 

309 

309 

583  ) 

5833 

86 

105 

115 

2.35/1 

1.05/1 

1.05/1 

2, 104.000 

944,000 

343,000 

896,  OlH) 

896,000 

327,000 

3,000,000 

1,840,000 

670,000 

1 .  c3 

0.  743 

0.743 

29,600 

10,400 

3,790 

18,200 

13,800 

5,040 

*At  sea  level  conditions  for  first  stage  onl 
at  altitude  for  second  and  third  stages. 
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MAIN  STAGE 


SECOND  STASE 


FIG.  5-2  HYPOTHETICa  VEliICUB  ENGINE  CLUSTERS 


FIG,  5-i  SLAST  OEFECTOF  CONFIGURATION 


5.1.2  Prospective  L^'.ich  Area 

The  prospective  launch  srei  used  tor  illustration  is  shown 
in  Fig.  S-4.  The  area  has  20  miles  of  coastline  on  the  western  extremity 
of  a  large  land  mass,  and  enc.ompasses  approximately  140  square  tnlles. 

The  activities  within  this  launch  site  will  be  those  which  are  normally 
required  to  support  launching  artivitieb.  Administrative  and  operations 
personnel  will  mimber  apprc>xliaat':iy  bOO  with  only  ab<<uL  50  living 
within  the  boundaries.  The  frequency  of  launchings  is  estimated  to  be  2 
per  year  initially  with  an  eventual  increas.*  to  6  per  year.  The  only 
communities  near  the  site  are  a  city  of  50,000  population  located  25 
miles  southeast  of  the  site  and  a  large  metropolitan  area  100  mile*; 
to  the  north.  No  offshore  islands  lie  near  this  prospective  launci' 
area. 


Access  to  the  site  is  piuvided  by  i  harbor  and  by  surfaced 
roads  which  anter  the  reservation  from  the  east.  This  access  road 
connects  5  mi.'cs  outside  the  reservation  with  a  main  highway  which 
extends  north  and  south. 

The  entire  area  ia  slashed  north  and  south  by  a  low  eroded 
coastal  range.  The  elevations  vary  from  aea  level  on  the  west  to 
200fi  for>t  niUs  which  recede  to  a  600  foot  valley  on  the  east.  The 
narrow  coastal  plain  Is  > haractcrized  on  its  southern  two>thirds  by 
50  to  100  f jot  cliffs  while  the  northern  section  consists  of  a  narrow 
sandy  beach  frosi  which  (.*.(«  la  :  rlw^r  with  a  fai .  ly  steep  slope  to 
200  feet.  The  northern  landscape  contii.  >.s  with  the  same  character 
for  50  or  more  miles. 

Bedrock  in  this  area  Is  metamorphic  rocks  of  igneous 
origin  and  are  largely  hard,  fractured,  and  jointed  granite  gneisses 
and  schists.  Sedimentary  rocks  cover  the  bedrock  to  depths  which 
vaiy  fcouj  30  feet  near  sea  level  to  in>15  feet  near  the  .'lill  tops. 

The  sediment  is  mostly  sandstone,  siltstone  and  conglomerates  thereof. 
Sound  velocltle*  assumed  for  the  earth  and  r(>:k  substructure  layers 
arc  (1)  700  feet/second  for  the  first  layer  of  5  ft.  depth,  (2) 

2300  teet/second  for  the  second  layer  of  40  ft.  depth,  and  (3)  l.'n,000 
feet/sccond  tor  the  next  layer  (bedrock)  of  US  ft.  depth. 

The  valley  which  lies  to  the  east  is  primarily  used  fot  farming. 
With  an  annual  rainfall  of  only  12  inches  pur  year  irrigation  is 
necessary.  The  population  density  within  a  30  riile  radius  Is 
50  to  100  per  square  mile. 
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Climatic  Conditions 


The  ocean  represents  a  constant  tf*mperariire  surface  wliicli 
fluctuates  seasonally  from  50®F  to  70°?.  Coastal  winds  are  greatly 
dependent  upon  the  temperature  differential  between  land  and  water 
surfaces.  The  ocean  breezes  would  he  lunneied  through  the  regions  of 
luwe>'  elevation  while  the  land  breeze  would  retuni  through  these 
passes  as  well  as  downward  from  the  peaks.  During  the  transition 
perltxl  between  land  and  sea  bree:’.e,  th<‘  wind  would  tend  to  be  parallel 
to  the  coast. 

Prevailing  winds  for  the  particular  site  ar?  from  a 
northerly  and  northweate'ly  direction  with  speeds  of  lO  to  20  knots 
varying  at  tlmc-s  up  to  40  or  30  knots.  Surface  inversiv-rns  prevail 
up  to  607.  of  the  time  during  the  months  ot  December,  January,  and 
February,  207.  ot  >.be  timt  the  lapse  rate  exceeds  2*^0  per  100  meters 
of  altitude.  During  the  warmer  months  inversions  ar>>  present  ubout 
50X  of  the  time  between  alt' tides  of  I, COO  anil  3,000  feet  and  207. 
of  the  time  the  lapse  rate  also  exceeds  2”C  yer  100  "’eters  of 
altitude.  The  relative  humidity  can  vary  from  907.  at  the  base  of 
the  inversion  to  SUl  at  the  top  of  the  inveralon  layer  with  relatively 
dry  air  above. 

Mte  night  and  early  morning  fog  occur  frequently,  usually 
clearing  before  noon. 

Summaries  of  the  expected  climatic  conditions  are  presented 
In  Figs.  5-5  through  3-10,  Inclusive.  Figure  5-11  represents  sound 
velocity  profiles  which  are  expected  co  occur  '''Ith  a  wind  from  the 
nortnwest . 


5.1.4  Site  Measurement  Survey 

Once  a  prospective  site  has  been  ciiuac.i  preliminary  hazards 
analyses  can  be  started  by  reducing  climatological  data  from  surrounding 
weather  "rations  and  estimating  sire  i-on  U  rions.  This  would  expedite 
the  determination  of  site  desirability  since  the  accumulation  of  on¬ 
site  data  requires  a  long  time.  Also  it  is  doubtful  that  an  on-slcc 
weather  station  would  be  a  realistic  assumption  aa  the  site  will 
necessarily  be  remote  and  somewhat  Isolated. 
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FIG  5-4  SURFACE  WIMI)  (AVERAGE) 
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HG.  i-*)  IKMPKRATURE  VARIATION  WITH  AI.TITUDI 


WIND  VELOCITY  (KNOTS) 


This  section  Is  devoted  to  a  discussion  of  the  site  measurement 
S’j  vtys  w''ich  are  necessary  and  desirable  Lo  verify  the  validity  of  the 
aeiecceJ  site.  Tiio  iLeiute  tu  uv  drteimiried  fui  launch  hazavdo  considerat loua 
In^'cilve  those  renditions  which  affect  the  propagation  of  sound  and  shock 
'.’sves  in  the  air. aid  ground,  and  atmospheric  diffusion  of  toxic  materials. 
These  can  be  broker  down  into  climatology,  topography,  hydrology  and 
and  geology. 


5. 1.4,1  Climatology 

Climatology  ot  a  site  is  an  important  factor  which  is 
constantly  changing  with  time;  however,  based  upon  sufficient  data 
collected  over  a  number  of  years,  extreme  and  average  conditions  can 
be  :;3tabllshci  as  a  function  of  seasonal  and  diurnal  t  iuctuat  ions. 

Certain  atmoepnorf c  phenomena  create  marginal  conditions  for  launch 
operationi.  Such  phenomena  inclu.ie  inversions  and  weather  fronts. 
Additional  weather  data  required  for  detailed  site  analyses  include 
wind,  temperature,  and  humidity  (including  fog). 

Wind  measurements  are  required  for  the  surface  and  upper 
atmosphere.  The  requirements  are  for  direction,  magnitude,  and 
frequency  as  n  function  of  altitude  (up  to  40,0C0  feet)  for 

jf  d.;crmirting  sound  velocity  profiles.  Horltonlal  and 
vertical  wind  velocity  iluciualions  over  short  time  intervals  are 
necessary  in  the  lower  layers  ot  the  atmosphere  to  aid  in 
determining  atmospheric  diffusion  After  a  particular  launch  pad 
is  sited,  local  (a  few  to  thc.usar.dt  of  fecll  curlace  wind  t  lui  rn.^t  ion 
measurements  are  required  (see  Appendix  B) , 

Temperature  from  the  surface  to  an  altitude  of  an, 000  feet 
are  also  required  to  help  determine  sound  velocity  profiles.  Temperature 
gradients  are  also  indicators  of  atmospheric  slablllty  and  important  to 
determining  atmosp.herlc  diffusion. 

Humidity  has  an  effp  ■.  upon  sound  propagation  as  it  artects 
.ictenuation  and  velocity 


^ _ 1 . .  2  Toi>ogi gphy 

A  detailed  map  relating  the  altitude  concours  and  description 
of  the  local  vegetation  is  required  The  location  of  natural  barriers 
which  can  be  utilized  as  beast  and  acoustical  snields  oi  suppressors 
’..dps  to  pinpoint  suitable  launch  pails  or  support  facility  buildings.  The 
protrusion  ot  vegetation  above  the  surface  affects  the  diffusion  of 
toxic  miteriais. 
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off -site  topography  Co  sur roundluii  coamunlCles  Is  required 
tor  determination  ot  Ita  attect  upon  sound  prosaure  levels,  shock 
wave  propagation,  and  a  Mr-spheric  diffusion. 

1. 1.4.3  Hydrology 

Hydrological  surveys  are  necessary  to  establish  the  natural 
drainage  and  flow  Oi  underground  water  supplies.  The  inportant  factor 
involved  here  is  to  insure  against  the  contamination  of  local  water 
supplies  due  to  spilled  toxic  propellants.  Soil  characteristics 
nerd  ro  be  detenalned  wnlch  affect  the  ability  of  a  spilled  propellant 
Co  penetrate  to  the  underground  water  table.  Surface  drainage  requires 
considerations  for  penetration  along  and  at  the  end  point  of  the 
natural  flow. 

In  spice  of  all  safeguards  taken  to  preclude  contamination 
of  underground  water  sources,  wells  and  streams,  it  is  desirable  to 
periodically  monitor  these  water  sources.  In  particular,  a  chemical 
analysis  of  the  ground  water  in  the  vicinity  of  nrospectlve  launch 
aites  ahould  be  performed  before  any  posalble  contaminants  are  brought 
on  the  scene.  In  this  wsy,  evidence  will  be  avsilsble  to  refute 
unsubstsntlated  clsims  of  demsging  water  pollutioa.  The  (t. 

Gcologicsl  Survey  Office  Is  equipped  to  sample  and  analyse  the  chemical 
coiaposicion  of  water. 


5.i.4.4  Geology 

Alcng  with  the  information  obtained  from  the  hydrological 
survey,  a  geological  survey  will  give  important  data  for  determining 
acoustic  and  shock  propagation  through  Che  gruund.  Underground  rock 
formations  upon  which  Isunch  stands  rest  will  readily  t-anamlt 
acoustical  and  blast  wave  vibrations  to  surrounding  structures. 


5.2  IJtUNCH  HAZARDS  EVALUATION 

The  Isunch  hszards  tor  the  ro-:ket  system  and  conditions 
described  in  Section  5.1  are  evaluated  h?re  usirg  the  methods  diacussed 
in  Section  4.  Each  hazard  is  treated  separately  and  where  possible, 
numeriral  values  are  given  wh*rh  are  repreaentat We  of  the  hazards 
exper  ted. 
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5.2.1 


Acc’jstlcs 


To  determine  the  areas  where  acoustics  is  a  hazard  Ouring  the 
launch  of  a  missile  the  tollowing  calculations  are  required; 

a.  The  overall  and  octave  band  power  levels  (OAPWL) . 

b.  The  overall  and  c*ctave  band  sound  pressure  levels 
(DASPL)  for  varying  distances,  elevation  angles  to 
the  missile,  and  azimuth  angles  to  the  launch  site. 

c.  The  vibiatlon  levels  transmitted  through  the  ground 
from  the  launch  site  at  varying  distances  and  azimuth 
angles. 

d  The  effects  of  meteorological  conditions  on  die  hT'L's 

Tile  results  of  these  calculations  will  specify  hazardous 
areas  for  peisonnei  and  structures  (missile  tracking 
Instrumentation,  etc.),  and  predict  the  response  jH 
.surrounding  communities  tc  this  noise. 

For  the  launch  site  and  launch  vehicle  aescribed  in  Section 
5.1  a  sample  calculation  will  be  made  along  the  135*^  azimuth  (towards 
nearby  tov.’n)  to  illustrate  the  tactors  involved.  The  calculations 
will  include  the  first  60  seconds  of  missile  flight  and  will  be  made 
at  distances  iroui  the  launch  site  of  1000*,  2000',  1  mile,  2  miles, 
miles,  and  13  miles. 

The  .icoustical  power  levels  ana  spectra  .are  determined 
t rora  the  Information  in  Section  4  1.1.1  and  are  reoresented  by  Fig. 

3-i:. 


Assuming  a  fla*  earth  up  to  a  distance  of  4  miles  along  a 
135°  azimuth,  the  space  average  octave  band  sound  pressure  levels  may 
be  determined  from  Eq.  (4.1-5).  The  sound  pressure  levels  at  any 
instant  must  be  corrected  for  distance  from  the  missile,  elevation 
angle,  ana  meteorological  conditions.  For  example,  at  Tg  -f  1  second 
the  corrections  at  iOOO  feet  arc  represented  by  Table  5-II  and  the 
octave  band  sound  pressure  levels  by  curve  (A)  in  Fig.  3-13.  When 
fh,-  J..r  cr.hausi  no  longer  impinges  on  the  deflcct.tir  (Tq  +  6  seconds 
approxlmat e I v)  the  only  directional  effects  arc  due  to  the  elevation 
angle  of  the  missile.  AC  1  mile  radius,  Che  source  may  be  considered 
a  point  source  and  the  deflector  effects  ignored  cn.im ) mCc ly .  Calculations 
oi  this  type  yield  the  spectra  shown  In  Figs.  5-13  to  5-17. 
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The  meteorological  effects  result  in  the  velocity  gradients 
previously  shown  in  Fig.  3-11.  For  the  sound  velocity  profile  labeled 
as  A,  the  radius  of  curvature,  r  (see  the  geometry  shown  in  Fig.  3-lU) 
can  be  found  by 


r  - 

’’i  “  g^cose^ 


(5-1) 


where  Cj^  =  sound  velocity  in  ith  layer 

9^  >  angle  sound  ray  makes  with  horizontal  in  ith  layer 
gj^  “  velocity  gradient  in  ith  layer 

Note  the  first  gradient  will  curve  the  sound  upward  (0-1500 
feet),  the  second  downward  (1500-A500),  and  the  third  upward  (over  4500;.  )) . 

Figures  5-18  and  5-19  show  that  the  effect  of  these  gr  --n.  is  to 
focus  the  booster  noiae  ..t  a  di»caikcc  of  about  70,000  feut  A  slight 
change  in  gradient  could  result  In  focussing  in  the  vie.  .ty  of  the 
town  (25  miles  distant).  The  incident  noise  level  would  be  amplified 
by  as  much  as  20  to  40  db. 

From  the  inlciil  corditions  specified  in  Section  5.1,  the 
most  significant  ground  vibrations  will  be  generated  bv  direct 
Impirgement  of  acoustic  waves  on  the  ground.  Flguie  5-20  represents 
estimates  of  the  msxlmum  ground  displacements  during  the  hypothetical 
vehicle  lift-off  conditions.  These  values  were,  predicted  from 
Figs.  4-17  and  4-18  and  Eq.  4*17  assuming  a  frequency  .>f  10  cps 

From  Fig.  5  •21  the  150  db  contour  of  equal  SPL  (maximum  SPL  tu  to 

prevent  damage  to  standard  structures)  may  be  located  at  approximately 
1400  feet  from  the  launch  sire  and  the  135  db  contour  (inaximiim  allow¬ 
able  SPL  for  unprotected  aars)  at  approximately  8000  feet  from  the 
launch  site.  Plots  of  octsve  band  levels  a  r,jnction  of  time  and 
distance  may  .ilsn  he  made  by  e v t rapo) at Ing  tne  octave  bund  plots  of 
Figs.  5-13  to  5-17.  These  plots  are  useful  In  determining  structural 
hearing  damage. 

The  esti-iiated  octave  sound  pressure  levels  at  the  hypothetical  al 

town  location  are  plor'^ed  in  Flo  5-22.  These  levels  are  not  ecpected 
until  approximately  Tq  -F  12  seconds.  This  exposure  will  exist  tor 
approximately  60  seconds. 
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FIG.  5-20  ESTIMATED  liHXIMUN  CftOUND  DISPLACEMENTS 
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The  equivalent  sound  pressure  level  In  Llic  300/600  cps 
band  Is  86  db  (using  Fig.  and  the  equivalent  noise  exposure 

(ENE)  104  db.  Similarly  (trom  Fig.  4>?9)  Llie  incident  noise  spectrum 
Is  adjusted  'Sdb  for  1  minute  exposure  and  results  In  level  rank  J. 

The  ENE  indicates  that,  at  the  same  location,  one-base 
housing  would  be  acceptable;  however,  for  off-base  housing,  the  level 
Is  marginal.  The  level  rank  indicates  that  vigorous  complaints 
and  legal  action  might  result  from  the  noise  levels  Incident  in  tiie 
community.  Prevailing  climatic  conditions  may  either  lessen  or  Increase 
the  sound  pressure  levels  In  the  community. 


5.2.2  Explosions 

A  vehicle  explosion  while  on  the  ground  and  an  explosion  in 
the  air  '-•ill  have  different  consequences.  In  a  surface  explosion,  when 
a  vehicle  collapses  just  as  It  leaves  the  pad,  the  prop  ellai.t 
of  the  booster  stage  would  burst  with  subsequent  mixing  of  oxidizer 
and  fuel.  The  mixed  propellant  would  explode  upon  ignition  and  the 
remainder  ot  the  fuel  would  burn  Intensely.  The  second  stage 
propellant  tanks  would  be  engulfed  in  flame  and  would  soon  rupture 
to  spill  f.belr  contents  Intj  the  flamlnj;  pool  of  prcpclluiit.  The 
upper  stage  propellants  would  nut  be  mixed  upon  entering  the  flames 
and  the  reaction  “ihoold  b«  limited  Co  burning  rather  than  a  second 
explosion. 

ihe  cApIuaive  hazard  of  this  series  of  events  is  determined  by 
the  quancily  ot  mi  <ed  propellant  and  Its  energy  of  explosion.  Without 
experimental  data,  planning  of  f.lte  layout  for  this  possible  event 
is  baaed  on  two  tsparatc  ccnceplr:  (•'  arbirrary  ilcsignation  of  10% 

TNT  equivalence,  and  (2)  a  fourth  root  function  derived  from  scale 
model  tests.  Ten  percent  TNT  equivalence  Is  the  Judgement  used  In 
Satuin  launch  site  planning*"^  »nd  represents  a  lonservatlve  estimate. 

The  fourth  root  function  was  derived  by  '•nare  Technology  Laboratories 
from  experimental  data  obtained  by  Broadview  Research  Corporation  on 
Atla«  configurations.  The  mixing  problems  and  arrangement  of 
propellant  tanks  on  the  Allas  are  radically  lifferent  than  those 
proposed  for  the  Saturn  and  Nova-type  vehicles  so  that  the  results 
of  Atlas  tests  are  also  thought  t  C'  be  ccnservai  1  vc.  figure  a-.ll  s.bows 
the  overpressures  obtained  by  the  twe  dlffcrtrnt  nct’nods 
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WERPRESSLRfS  PvPI  CTED  FROM  A  B  WSTIIK  EXPLOSION  ON  THE  Sl'FJFACE 


An  exploBlon  on  Che  launch  pad  leads  to  the  highest  pjssihle 
uveipiessures  at  ground  level  near  the  source.  Cratering  of  the  earth 
and  ground  shock  phenomena  will  also  occur.  Figure  3-24  shows  Che 
crater  dimensions  which  result  from  a  surface  explosion  based  upon  a 
burst  of  INT  over  dry  soil.  For  a  hard  rock  or  concrete  surface  Che 
effects  will  be  about  80%  of  these  In  dry  soil.  The  crater  dimensions 
to  be  expected  for  a  Nuva-type  vehicle  will  be: 


Apparent  crater  diameter 

96 

ft. 

Depth 

16 

ft. 

Oiameter  of  Rupture  Zone 

(D^  -  1.5  D^) 

144 

ft. 

The  diameter  of  rupture  zone  Is  considered  rn  be  the  limit  of  ground 
damage.  Figure  5-25  gives  the  relationship  between  shock  velocity, 
peak  wind  velocity,  dynamic  pressure  and  reflocted  pressure  following 
an  explosion  near  Che  ground. 

The  secokid  type  of  accident  which  can  occur  is  a  vehicle 
explosion  in  the  air  shortly  after  lauRwhlrg.  Figure  S-1  illustrates 
Che  relationships  between  velocity,  acceleration,  altitude  and  fuel 
consumption  during  the  first  ten  seconds  of  vertical  flight.  These 
curves  were  computed  assuming  constant  Lhiutt  far  successive  one 
second  intervals.  The  vehicle  conditions  at  500  and  1000  ft.  are: 


Altitude 

500  ft. 

1000  ft. 

Time  to  reach  this  altitude 

7.  5  sec. 

10.2  Sec. 

PropePant  remaining 

3.235  X  10^  lbs. 

3.140  X  10 

Veloc  Ity 

LiO  ft /sec 

175  ft /sec 

Acceleration  (net) 

0.570g 

r>.595g 

Ur.burnt  fuel  would  cotoplicatc  and  increase  the  toxic  hazards 
of  the  incident,  Certsi.'i  aspects  of  the  problem  can  be  qualitatively 
defined  without  complete  information  regarding  the  accident.  The  liquid 
propellants  will  be  sub)ccC  to  dispersion  prior  to  explosion  as  well  as 
after.  Figure  5-2b  shows  a  reasonable  distribution  of  particle  sizes 
of  globules  during  the  orlshap. 
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,OS£VE  YIEUD  (KILOTONS) 


I 

I 


t 


I 

I 

The  time  ii'.tcrvals  correspond  to  the  following  stages 

t  Prior  to  arciUeiit  (t  =•  0) 

o 

Immediately  tollowing  destruction 
tj  Immediately  following  explosion  of  mixed  propellant 
t.  Particles  remalnlnK  unburned  at  this  time 

a 

Only  about  one  per  cent  of  the  propellant  will  mix  prior  to 
an  explosion.  As  the  tanks  rupture,  the  velooity  of  the  air  past  the 
vehicle  will  break  the  liquid  Into  globules  of  a  wide  size  range.  anJ 
It  will  also  cause  air  intermixing  of  oxidizer  and  fuel  particles. 

Fuel  which  cooies  Into  contact  wlt'u  the  Ignition  source  will  burn  and 
In  turn  ignite  any  matses  of  mixed  propellant  whict  fuims.  Considering 
the  short  Interval  of  time  Involved,  a  reasonable  assumption  of  the  quantity 
contributing  ro  an  explosion  Is  one  percent. 

An  explosion  ot  a  veiiicle  in  the  air  may  result  cue  to  a 
malfunction  within  the  vehicle  or  from  a  destruct  signal  originating 
In  range  control.  The  latter  case  is  more  likely  after  the  vehicle 
has  reached  an  altitude  of  S00>1000  feet.  The  destruction  device 
would  presumably  cause  the  propel l.int  tanks  to  rupture  and  also 
provide  a  source  of  ignition.  A  fire  would  likely  begin  in  the- 
fuel,  burning  In  air  or  oxidizer  vapor,  and  would  Initiate  the  explosion 
of  the  mixture  ot  oxidizer  and  fuel.  The  heat  from  the  subsequent 
explosion  would  create  convection  currents  above  it  and  propel 
flaming  liquid  masses  through  the  unburnt  propellant.  The  heated 
air  above  the  explosion  would  speed  the  evdpv^i.iLlon  of  any  particles. 

Particles  which  are  too  large  to  completely  vaporize  would  fall  back 
Into  the  flames  and  burn.  All  this  time  the  propellant  is  traveling 
upwards. 


Using  Fig.  3*26  tne  numerical  Iv  predouxnatiiig 
particle  size  after  explosion  will  be  about  0.01  inches  in  diameter. 
Based  upon  experimental  relationships  determined  by  the  U.  S. 

Bureau  of  Mlnes^^,  the  RT-l  requires  I  second  to  burn  (0.3  in/sec) 
the  hydrazine  requires  7.t>  seconds  ('J.O'i  In.^sec)  «iid  the  UOMH  about 
2  seconds.  During  this  time  the  burning  particles  will  have  ignited 
other  particles  in  their  path. 
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Explosions  at  500  or  1000  it.  above  the  launch  pad  will 
result  in  a  shower  of  both  burning  e  unburned  propellant  onto 
the  pad.  This  deluge  will  fall  well  within  the  boundaries  of 
explosive  hazard  dictated  by  the  surface  burst.  The  principal 
hazard  of  an  air  burst  is  deemed  to  be  the  flaming  propellant 
falling  on  the  pad. 


5.2.3  Toxicity 

Toxicity  hazards  for  the  hypothetical  launch  vehicle  will 
be  primarily  due  to  utilization  of  the  storable  propellants  in 
the  second  and  third  stages.  The  flrct  stage  liquid  oxygen-- 
RP-1  propellant  combination  does  not  represent  a  toxic  hazard.  On 
the  other  hand  nitrogen  tetroxide,  hydrazine,  and  b'ZX'fil  arc  all 
quite  toxic  having  MAC'S  of  5,  I,  and  0.5  ppm  respectively. 

Figures  5-27,  5-28  and  5-29  represent  Sutton  equation 
estimates  for  the  downwind  concentrations  resulting  from  the 
release  of  50,00C  pounds  of  each  of  the  upper  stage  propellants 
for  :?oderate  inversion  and  average  atswspheric  conditions  and  various 
modes  releast:.  The  validity  of  the  Sutton's  equation  over  such 
great  distances  is  questionable,  but  it  is  considered  to  be  the 
oest  possible  estimate  at  this  time. 

The  missing  link  is  an  indication  of  the  maximum  incident 
a'lilvii  «.«>•  <^1  ouuld  ,/OS;.ibly  occur.  A  malfunction  of  the  first  stage 
system  covld  lead  to  the  expulsion  of  all  of  the  second  and  third 
stage  propellaniB.  This  would  be  the  worst  case  and  involve 
scaling  up  Che  peak  C  k/Wv  V  titration  values  piesented  in  Figs.  5-27, 
5-28,  and  5-29  by  factors  of  26,  12,  and  12  respectively,  and 
utilization  of  the  instantaneous  source. 

The  energy  released  during  ^.al function  would  probably 
be  sufficient  so  that  a  great  deal  of  Che  fuel  would  be  burned. 

UDHH  and  hydrazine  would  continue  to  burn  due  to  the  presence  of 
etmospherlc  oxygen.  The  hazard  involved  can  be  classed  with  the 
one  previously  discussed  for  RP  fuel  since  both  have  atiout  the 
same  volatility.  On  the  other  hand  is  quite  volatile  and 

could  readily  be  vaporized  to  NO2  as  the  result  oi  partial  reaction 
with  spMled  hydrazine-UOHH  or  from  first  stage  detonation.  The 
unco-''^”-d  vaporized  oxidizer  would  be  dispersed  by  the  atmosphere. 
T*'.’  greatest  toxic  hazard  likely  to  occur  la  a-i  instantaneoui  release 
of  ai)  of  the  within  the  second  and  third  stages. 
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peak  CONCtSnUATION  (PPM) 


DOWNWIND  DISTANCE  (FEEf) 

FIG.  5-29  PEAK  CONCENTRATIONS  FOR  HYDRAZINE 
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-  moderate  inversion 

-  AVERAGE  OONDITTONS 

QUANTITY  RELEASED  -  50,000 
MODE  OF  RELEASE 
0  INSTANTANFOIIS 
0  500  LB/SEC 
0  50  LB/SEC 
0  5  LB /SEC 
®  0.5  LB/SEC 


DOWNWIND  DISTANCE  (FEET) 


FIG.  ■)-29  PFAK  C0NC;;NTRATI0NS  for  UDM! 
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From  Fig.  5-27  and  the  aca^lng  {act<^r  of  26  It  Is  obvious 
that  toe  quantity  of  be  utilized  within  the  hypothetical 

rocitet  ayatem  preaenta  a  hazard  to  the  nearby  town  (23  miles  or 
132,0(M-»  feet).  He*"*  th«*  instantaneous  release  of  all  the  N2O4 
could  result  In  a  peak  concentration  of  about  390  ppm  for  a  moderate 
Inversion  or  9  ppm  for  average  atmospheric  conditions.  The  durations 
of  e.<poauie  (cbtair.cd  from  Fl^-  •  '•!)  for  each  of  tot-ae  conditions 
are  approximately  1000  and  200C  seconds,  respectively.  Assuming  that 
the  eight  hour  MAC  exposure  (1,44x10^  ppm-sec)  could  be  received  on 
the  basis  of  a  single  emergency  exposure  during  the  indicated  times, 
both  conditions  would  be  toierable  at  25  miles.  However,  the 
shorter  duration  and  higtier  concent reiiun  during  the  Inversion 
makes  launch  inadvisable  under  this  condition. 

If  the  vehicle  has  left  the  pad  and  obtained  an  altitude  of 
greater  Chan  250  feet  prior  to  Lite  release  of  all  the  N2O4,  an 
additional  dilution  will  be  evidenced.  The  expe-aed  dilution  will 
vary  from  zero  to  a  factor  of  3  for  a  1,000  foot  release.  This 
indicates  that  any  initial  sots’ ce  rise  due  to  heat  content  would  be 
Ineffective  lr>.  reducing  the  concentration  at  the  town.  However,  an 
altitude  release  (1000  ii)  would  reduce  the  predicted  concentration 
to  about  5  ppm  which  is  the  MAC. 

For  a  toxicity  standpoint  laum  h  aho<tld  be  confined  to 
lapse  or  average  atnoapheric  cuitdiciwus  wiiii  provisions  made  for 
evacuation  of  the  near  off -site  Inhabitants  d<:iwr)wln<1  of  the  launch  site 


5.3  SKLECilU;  or  ;.AUNCH  SITE 

The  hypothetic;.!  initial  conditions  were  purposely  chosen 
to  make  the  task  of  sire  selection  difficult.  The  hypothetical 
government  reservation  considered  for  a  launch  site  is  marginal 
Inrofar  as  the  safety  of  the  nearby  town  (25  miles)  is  concerned. 

This  situation  typifies  site  Isolation  requireTn<>iits  for  the  larger 
vehicles  of  the  future.  The  siajor  threats  to  tiic  civilian  coinnunity 
stem  from  the  large  quantities  of  toxic  propellant  carried  aboard  the 
vehicle  and  from  focussing  of  high  Intensity  sound.  The  available 
reservation  will  accomodate  a  launch  complex  for  the  hypothetical 
vehicle,  but  certain  constraints  upon  Inunchlng  operations  are  required 


It  1?  n<‘cpssary  to  repeat  at  this  point  that  all  of  the 
naterlal  in  Section  5  is  presented  purely  to  ’lliisfratc  th<»  important 
hazard  considerations  in  the  siting  process.  This  presentation  should 
not  be  construed  as  ciie  complete  site  selection  procedure.  Economic, 
legal,  and  logistic  factors  will  also  Influence  site  selection 
Section  U  of  this  report  to^ather  with  the  preliminary  Acronutronic 
reports  (Refs.  1,  2,  I,  and  A)  provide  the  background  data  for  a  more 
thorough  hazard  evaluation 

b  .  3  1  Location  of  Launch  Fjclli  ftes 


in  addition  to  the  launch  complex  itself,  which  is  spetifiiJ 
in  the  next  section,  a  host  of  supporting  facilities  are  required  at  the 
launch  site  These  facilities  include  a  vehicle  assembly  building, 
instrument  calibiat'.on  and  repair  shops,  liquid  oxygen  generating  plant, 
administration  building,  technical  and  biomedical  laborarori**';  ,  personnel 
services  building,  toxic  propellant  storage  area,  fuel  storage  area, 
electrical  power  generating  station  and/or  substation,  Instru.'nentation 
for  range  safety,  conmunlcatlon  ttunk  lines,  water  storage  tanks,  and 
other  related  logistic  facilities  Tolerable  locations  for  some  of 
these  facilities  an*  determined  from  iliv  results  of  the  hazards  tval„jlion 

r»,fjrC  i  ^  jS  P<?Cc5  a  a  TV  t  O 

postulate  che  wutsi  piubabir  a.  cide  it,  and  to  estimate  the  damage  to 
surroundings  This  will  essentially  be  a  matter  of  conlerf'ue  since 
the  events  following  an  abrunt  total  loss  of  a  vehicle  can  only  be 
imagined 


A  maxlmuai  accident  on  the  launch  pad  l.>  conceived  as  a  sudden 
collapse  of  the  fully  tarxed  missile  such  that  all  tanks  discharge  under 
pleasure  their  contents  (3  0  million  pounds)  a.s  ovei  lapping  pools  on 
a  flat  surtace  The  oropellants  Ignite  Instantly,  engulfing  the  mis.slle 
•-•ith  flames  within  a  few  tenths  of  a  seconds.  Although  the  liquid 
oxygen  trum  the  boostir  vaporizes  qulcily,  the  fuel  will  cause  a  severe 
lire.  The  pools  ot  prupetlu!>t  arc  turbulent  A  distinct  tlreball  will 
fotin  and  will  be  aggrevated  by  the  release  and  combustion  of  the  upper 
stage  fuel  After  a  short  period  of  tipn-,  i  he  srruitural  members  cl 
the  vehicle  piay  Igr.ite  and  bun*  ot  a  mucli  higher  temperature  than  the 
fuel  fire.  The  therncil  effects  of  the  lire  •..111  prevail  i  or  several 
minutes 

detonstlon  can  he  presunk>d  to  occur  ai  aoprox ima te  1  y  three 
seconds,  with  a  TbT  equivalence  of  lu  per  cent  of  the  piopellant  weight 
Any  structure  hardened  to  less  than  40  p.?l  overpressure  will  be  damaged 
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within  a  radius  of  500  feet.  At  2.VjO  ft.,  structures  designed  for  less 
then  2  psi  will  be  daiuaged,  and  a  damaging  overpressure  of  0.5  psi  will 
be  felt  at  5000  feet.  A  130  ft.  crater  will  be  created,  with  debris 
a.id  flaolng  propellant  thrown  in  all  directions. 

Toxic  fuMS  froK  Che  upper  stage  propellants  will  pollute  the 
area.  The  bulk  oi  the  fuaes,  primarily  NO2,  will  be  drlv--=n  upward  !.■ 
a  <.ni>iney  oi  h^t  gaaes,  blossoming  outward  at  altitudes  above  500  feet. 

Even  during  a  normal  launching  It  will  be  necessary  to  contend 
with  Che  critical  sound  pressure  levels  of  135  db  and  150  db  at  distances 
of  8000  ft.  and  1400  ft.,  respectively.  Acoustically  Induced  ground 
dlsplacesmncs  will  require  that  building  structures  be  situsted  at  least 
2000  ft.  sway  from  Che  launch  stard  to  avoid  structural  damage. 

The  storage  ot  propellants  appears  to  be  one  of  Che  least 
hazardous  aspects  of  launch  operation*  Pilled  or  pressurized  propellant 

storage  tanks  should  not  be  subjected  to  overpressures  greater  than  about 
1.2  psi.  Thus,  a  minimum  aeparati -n  of  about  3000  ft.  is  required 
bet%rcen  any  propellant  tanka  and  the  la>.n«.h  stand  regardless  of  the 
quantity  stored,  unless  blast  rasiatant  barrlars  are  employco. 

The  only  practical  means  of  protecting  storage  tanks  from 
fragaentation  la  by  diaparalon  and  separation  oi  tanks  or  by  utilizing 
natural  barriers  when  possible.  Since  fragments  having  Che  maximum 
range  will  strike  sc  an  elevation  angle  of  about  45  degicca,  01  higher 
tor  an  «ltitud«  burst,  the  barriers  would  have  to  be  very  tall.  Increased 
separation  appears  as  a  more  re'^sonable  alternative. 

The  ready  storage  areas  are  located  wIiMn  the  launch  complex 
end  arc  discusiried  in  Che  next  section.  Hulk  storage  requirements,  for 
purposes  of  illustration,  are  assumed  to  be  approximately  twice  the 
vehicle  requirements;  or  essentiall/  4  million  pounds  of  '  Iquid  oxygen, 

2  million  pounds  of  RP-l,  1.5  million  pounds  each  of  hyQre*1"e  and  of 
UD»f1.  and  2.5  million  pounds  of  nitrogen  tetroxide. 

QuanCitydlstance  data  (derived  from  Fig.  «-39  for  Che  bultc 
storage  of  propellants  is  given  in  Table  5-ITI.  The  quantity  of  liquid 
oxygen  required  demands  an  on-site  generating  plant  which  should  be 
farthest  removed  of  any  of  the  propellant  storage  areas  from  Che  launch 
complex.  Official  quant ICy-d is tance  dita  for  nitrogen  tetroxide  providi' 
for  only  one-tenth  of  actual  requiresmnts .  Separation  distances  between 
adjacent  fuel  aitd  oxidizer  storage  areas  shou’d  be  a  minimum  of  7500 
feet.  The  distance  adopted  for  seperstion  between  the  non-toxic  storage 
areas  and  buildings,  roads  or  other  places  of  habitation  is  1000  feet. 

For  toxic  propellant  storage,  the  required  ?cparatlon  Is  d»ip,»n(ie  st  upai 
terrain  and  weather  condiiiore. 
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TABLE  S- : 11 


bliuK  t'KOric.i.LA:<i.  riORiVLiL 


Bull)  Storage 
Area 

Individual 

Tank  CapaciCy 
(million  lbs) 

Nn  of 
Tanks 

Separation 

Between 

Tanks  (ft) 

Distance  from 
Launch  Complex 
(ft) 

<• .  ?5 

10 

300 

7500 

N,H, 

0.50 

3 

400 

6500 

.•DMH 

0.50 

3 

4C0 

6500 

K?-l 

0  50 

A 

400 

7000 

U), 

i.  1  ll... 

I.O 

-  —  - - 

4 

500 

8000 

The  locaciors  chosen  for  the  vatious  laun''h  fpicililies  are 
Indicated  In  Fig.  S-30.  Substantial  safety  margins  were  Included 
where  possible  and  >aretul  vonsidexai  iun  was  to  terrain  features 

and  to  predominant  weather  patterns. 

5.32  Launch  fomplev  Specifications 

The  launch  complex  consists  of  the  launch  pedestal  and  blast 
deflectors,  umbllic.il  tower,  track  mounted  service  rower,  launch  contral 
blockhouse,  ready  storage  tanks  for  each  propellant,  replenl.shing  tanx.s 
for  each  cryo^-  tic  propellant,  propellant  transfer  systems,  holding  pends, 
and  Instrunrnt  ion  for  range  safety,  launch  control,  and  preflight 
vehicle  checks  Tentative  separation  distances  based  upon  Che  prellniin.iiy 
hazard  evaluation,  and  natural  barriers  arc  shown  In  I’lg  5-11  •  The 
construction  features  of  the  complex  would  be  spe  tilled  by  an  arth'''>'‘  t- 
engineer  after  the  final  slinK  »»  accomplished.  The  location  of  the 
whole  complex  is  as  snown  in  i- ig 
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DISIASCES  SHOW  REPRESEWT  THOUS««)S 
or  FEET 

KIC.  y-30  PACILIT*  U)CATICrS 


The  launch  pad  is  located  '.n  a  uo'ngr^clc  from  the  bl'.-.’- l.e  jsc 
<to  that  a  tMjor  accident  with  extensive  fuel  spills  would  not  entlanK^t 
blockhouse  personnel.  The  concrete  apron  on  the  launch  pad  slopes 
downward  from  the  center  l-  facilitate  drainage  or  washdown  in  lUe 
event  of  spills.  Ihe  launch  pedestal  is  constructed  no  that  the  thrust 
load  is  distributed  smong  strucCursl  siembers  reatliig  on  bed  rock.  The 
umbilical  tower  la  designed  to  withstand  a  normal  launching  operation, 
but  Is  considered  expendable  in  launch  pad  dissscera.  Supporting 
facilities  both  within  and  external  to  the  launch  complex  ate  not  In 
line  with  the  exit  directions  of  the  flame  deflector. 

The  Inhabited  blockhouse  is  separated  2500  feet  from  the 
launch  pad,  and  is  designed  to  withstand  a  peaw  'Overpressure  of  at 
least  50  psi.  Tnstrunentation  signal  cables  are  routed  to  the  launch 
pad  through  an  underground  tunnel  sloped  to  preclude  drainage  u£ 
spilled  propellants  toward  the  blockhouse. 

Toxic  propellant  detectors  are  installed  In  all  areas 
frequented  by  personnel,  and  parti;ulsrly  in  and  around  the  blockhouae, 
cableway,  launch  stand,  service  tower,  propellant  storage  areas,  and 
propellant  dlapoaal  pits.  These  Inatrissents  detect  N2O4,  N2H4,  and 
UDMH  vapors  in  air  to  levels  below  the  respective  MAC's  of  5,  1,  and 
0.5  ppm.  Equipment  is  provided  in  the  blockhouse  to  monitor  all 
of  the  detectors  continuously.  Tl'.is  console  also  contains  indications 
of  the  local  mlcroeeteoro logical  conditions. 

From  a  safety  atandpolnt,  the  transfer  oi  propellant  from 
bulk  storage  to  ready  storage  areas  is  best  accomplished  by  pipeline. 
Transfer  from  ready  storage  to  the  vehicle  is  also  by  pipeline  via 
the  umbilical  tower,  and  la  autoewired  ao  that  the  process  may  be 
initiated  anti  ccnt'olled  from  the  blockhouse  propellant  loading  panels. 

Each  propellant  ready  storage  area  Is  enclosed  by  a  retaining 
wall  to  contain  175''  ',»f  volume  nf  rSe  tanks  in  case  of  rupture. 

This  retaining  wall  is  earth  revpted  on  the  side  exposed  to  the  launch 
pad.  The  tanks  are  Insulated  and  partial  weather  protection  la  provided 
for  the  cranafi-r  syalein  •.vnststlng  of  pumps,  valving  and  asso''lated 
plumbing,  au  illustration  of  propellant  storage  areas  planned  for  the 
Saturn  launch  complex  are  shown  In  Fig. 

Fortunately  the  probability  of  a  large  piupellant  spill  is 
low  during  routine  storage  and  transfer  condiLlois.  Although  some 
spillage  is  Inevitable  It  will  be  In  small  quantities  or  at  slow  rates 
so  that,  for  toxic  propellant*,  the  MAC  will  only  be  exceeded.  If  at  all, 
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A.  UqClD  OXYGEN 


B.  llF-1  rUEL 


FIG.  5-32  SATUIN  PROPELLANT  STORAGE  AREAS 


within  a  very  sauill  area  downwind  of  the  spill,  and  probably  for  only 
a  short  period.  Personnel  in  these  areas  will  nunually  be  expected 
to  wear  protective  clothing  and  to  be  fairiiliar  with  e.uergency  procedures 
requiring  rapid  evacuation  and/or  wearing  of  respirators. 

The  Baf'>:y  precautions  to  be  observed  in  handling  the 
propellants  are  wt'.l  defined  by  the  Liquid  Propellant  Information  ^  ^ 
.‘.gency  and  have  been  auH'rized  In  preliminary  Aeronucronic  reports  ’  . 
This  advice  Incl'ides  such  OMtters  as  toxic  propellant  neutralization, 
waste  disposal,  respirators,  protective  clothing,  eye  showers,  fire 
fighting,  vapor  dctcctinn  systems,  ear  protectors,  and  warning  devices. 

Water  is  required  for  cooling  the  jet  exhaust  deflector,  for 
neutralization  of  toxic  propellant  spills,  for  safety  showers  and 
general  domestic  use,  for  a  deluge  and  sprinkler  system  and  for  fire- 
figh'-'i''®  eqiMpment.  Water  ahould  be  available  in  amounts  ten  to  fifty 
times  the  possible  spillage  of  toxic  propellant. 


5.3.3  Launchln£  Constrainta 

In  the  study  of  launch  aite  hazards.  It  was  found  that  the 
safety  of  the  off-site  civilian  population  Is  strongly  dependent  upon 
local  meteorological  conditions.  The  primary  h«za*d  stems  from  the 
huge  quantities  of  toxic  propellant  involved,  and  i  he  fact  that  the 
probability  of  a  cateatrophlc  spill  increases  greatly  after  the  vehicle 
la  fully  loaded.  The  other  effect  is  the  focussing  of  acoustical  energy 
and  is  a  potential  hazard  on  every  normal  vehicle  launch. 

The  presence  of  on-site  personnel  can  be  regulated,  protective 
equlpsKsnt  can  be  made  available,  and  safety  procedures  can  be  enforced 
as  necessary.  Similar  remedies  are  not  prcrriral  for  protecting  off-site 
personnel.  Consequently,  it  is  necessary  to  restrict  launch  operations 
to  rimes  of  favorable  weather  condition*. 

The  weather  parameters  which  influence  the  off-site  toxl';lty 
problem  are  atmospheric  stability  a.td  wind  direction.  Conditions 
favoring  vertical  convective  currents  sre  favored  to  enhance  the 
diffusion  process  and  thus  preclude  the  formation  of  a  persistent 
cloud  of  hiKh  concriiLraLion.  However,  even  when  the  lapse  rate  is 
not  ideal  for  cloud  dispersion,  the  town  may  stl’l  be  safe  when  the  wind 
is  30  degrees  or  more  off  course  from  the  direction  to  the  town. 
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Thp  tocn  5  ,  and  resultant  ampli  float  ion,  of  i^and  enei'ft> 

irto  the  nearby  town  is  caused  by  the  variation  of  sound  velocity  with 
altitude  It  was  chown  .n  the  hazard?  evaluation  that  for  the  weather 
conditions  which  occur  scat  fietjuentiy,  sound  energy  would  most  likely 
be  focussed  at  a  point  about  15  miles  from  ihe  launch  area.  However, 
it  Is  necessary  to  monitor  the  local  temperature  and  wind  gradients 
for  comparison  with  piecomputed  profiles  thae  aie  known  to  cause  the 
undesired  focussing  25  miles  into  town. 

Personnel  movement  and  the  conduct  of  normal  activities  will 
be  constraiiiru  because  of  potential  hazards  at  the  launch  site.  Two 
sets  of  land  use  boundaries  are  considered:  the  launch  hazard  area  and 
Che  missile  hazard  volume,  the  launch  hazard  area  is  defined  as  a 
semicircular  area  in  back  of  the  launch  stand  to  .a  r.idius  R  and  the 
2R  wide  launch  path  which  widens  do'v-irange  for  a  limited  distance  by 
9  degrees  on  each  siue.  On.*y  authorized  operating  personnel  are 
permitted  inside  the  launch  hazard  area  during  launch.  The  boundarl-so 
for  this  area  are  chosen  on  the  ctascrvaLive  side  with  some  exceptions 
for  expediency.  For  the  illustrative  example,  reasonable  choices  are 
a  radius  R  of  15,0U0  fccc  and  an  angle  6  of  10  degrees,  with  the 
instrumentation  site  on  the  hilltop  exrluded.  Personnel  In  C.ie  launch 
hazard  area  must  be  restricted  to  distances  greater  than  8000  feet  from 
the  vehicle  during  launch  oper  »ticins  unlc^-  they  are  in  the  h1'^rkhotlae , 
or  otherwise  protected. 

When  toxic  propellants  ore  used,  the  launch  hazard  area  also 
includes  a  sector  deft'.'.d  by  the  wind  direction  p1ii<,  or  minus  0  degrees 
originating  at  the  la  ich  stand  and  extenaing  X  miles  downwind.  Roth 
0  and  y  arc  trrongly  deper.-'';  .'.t  upon  atscr.phcric  stability.  For  average 
atmospheric  conditiens  lUry  adiabatic  lapse  rate)  0  and  X  may  be  chosen 
as  20  degree*  and  10  mile*,  respectively.  This  area  usually  extends 
oil  or  me  reservation  and  must  be  c  1  eared  prior  to  vehicle  propellant 
loading  if  the  wind  speed  Is  great  for  low  wind  speeds  there  may  be 
sufficient  time  to  evacuate  and/or  pic  te*.  i  ufl'-iltc  personnel  after 
a  disaster  has  occ-red 

The  aissilc  hazard  space  is  defined  as  the  volume  originating 
at  the  launch  point  within  which  o  vehicle  or  Its  fragements  will  be 
contained  elllier  as  s  result  of  Its  Tn.axluTn  aerGdynamlc/ballistlc 
capacity  cr  controlled  flight  rermination  7h»..  space  is  based  priia*iily 
upon  the  expected  effects  of  destruct  explosion  on  the  numbei  ,  weights, 
velocity,  and  trajectory  of  pieces,  and  upon  the  explosion  effects 
on  remaining  fuel.  The  projection  of  the  mlssllr-  hazaid  on  the  ground 
normally  vocli  be  expected  to  Mo  wlr^’in  the  co.i' ervatively  chosen 
launch  hazard  area,  but  could  bo  larger. 
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APPEMIUX  A 


ACOUSTICAL  FIELD  MEASUREMENTS 
AT  ROCKET  LAUNCH  SITES 


A  well'planiMd  acoustical  and  vibration  meaBurement  program 
is  an  Integral  part  of  the  site  selection  procedure  for  high'thrusL 
rocket  launch  pada.  The  reaultant  dats  are  also  used  to  establish 
the  physical  separation  and  the  stritctural  characreristics  of  launch 
support  and  inatruawntation  facilities  associated  with  the  launch 
cosqtlex.  Although  generalised  prediction  technlnues  are  satlstictory 
as  a  starting  point,  they  are  of  limited  accuracy  in  forecasting 
sound  propagation  phenomena  at  specific  geographic  locations.  An 
experlatental  approach  is  invariable  necessary  to  detenniue  the 
propagation  characteriatica  of  the  rocket  noise  spectrum  as  a  function 
of  the  local  soil,  terrain  and  weather  conditions. 

Acoustical  and  vibration  field  measurements  require  the  use 
of  relatively  sensitive  laboratory  cqulpawnt  under  generally  adverse 
conditions.  These  measuresMnta  must  be  conducted  concurrently  with 
swasureamnts  of  specific  weather  variables.  A  suggested  program  for 
obtaining  the  necasaary  ficli  data  is  described  in  this  appendix. 

Due  consideration  is  given  to  transducer  and  recorder  requirements, 
calibration  and  laeaauresMnt  techniques,  and  methods  of  processing 
and  analysing  the  recorded  data. 

A  three-phase  measurement  program  is  recommended. 

Phase  I  measurements  would  yield  the  following  acoustical 
characteristics  of  tne  subject  rocket  booster  engine(s). 

1.  Par-field  sound  pressure  levels  (SPL) 


A-1 


2. 


Noise  spectrum 


3.  Dirpcf patterns 


4.  Near-field  SPL  including  pressure  transients 

Phase  II  measurements  would  be  conducted  to  determine  the 
fallowing  sound  propagation  characteristics  in  the  vl'-inlty  of  the 
subject  launch  sltefs): 

1.  Atmospheric  sound  attenu'tion  between  a  ground  based 
noise  source  and  preselected  receiver  positions  for 
various  meteorological  influence.;. 

2.  Sasu:  sc  above  except  for  an  airborne  noise  source  at 
preselected  elevation  cnglcs. 

3.  Vibratiuu  damping  ciiaractcr  ist  Ics  of  the  ground  and 
the  resultant  ground  displacement  at  preselected 
locations. 

Phase  111  measurements  would  be  conducted  during  launch 
operations  of  the  subject  vehicle(s)  to  provide  a  history  of 

1.  Near  and  far-field  sound  pressure  levels. 

2.  Ground  vibration  level 

3.  Structural  or  equipment  vibrations. 

4.  Sound  pressure  levels  in  nearby  coimunltles. 

Phase  I  measurements  are  usually  a  necessary  part  of  the 
',5  />..  »  ’••(.'Co  a,-»>r»)ntrssnt  -ri-ri-im  and  the«e  data  may  be 

available  from  the  systems  contractor.  However,  some  of  these  data, 
if  obtained  during  atatir  tests  a(  the  engine  development  site, 
may  not  be  applicable  becaune  of  hign  vetor/prupe  1  lant  ratios  and 
possible  differences  in  blast  defl«::tor  configuration.  Phase  II 
data  are  quite  crlrical  in  'heir  influence  on  ‘.he  final  results, 
Phise  III  represents  the  ch.-i’lenge  of  obtaining  a  vast  amount  of 
meaningful  data  in  a  short  period  of  time. 


Largo  scale  acoustical  anH  vibratl^ri  ,n.'apijr<!nient8  are 
seldoia  cunciacLed  without  limiting  conditiuna  bhicti  either  control 
the  methods  of  test  and/or  substantially  inflienci  thc’  confidence 
in  the  resulting  data.  Typical  liiniting  ..o  iditions  .ire  as  .'allowb: 

1.  Model  scale  data  aurt  be  u.sed  due  to  the  limited  number 
of  full  scale  tests  avail. ible. 

2.  Acou'jtical  and  vibration  int  asuremant  s  are  considered 
seronilary  objectives  during  t>oth  static  firings  ainl 
taunch  operations. 

3.  .\dverse  veather  conditions  affect  the  instrumentation 
used  ill  loaking  the  measurements. 

4.  Data  are  often  obtained  by  personnel  with  little 
experience  in  this  type  of  measurement. 

5.  Data  acquisition  systems  must  be  operated  by  rens^te 
control . 

S.  Co.mA  sntirres  other  than  rocicet  engines  must  be  used 
tui'  propagation  studies. 

7.  CoosBuiiiLy  response  is  subjective  and  not  always  directly 
proportional  to  the  noise  exposure. 

Because  of  these  factors  it  it  mandatory  that  the  responsible 
test  engineer  maintain  a  complete  record  of  all  conditions  which  do 
not  conform  with  good  Instrumentation  practice  as  derermined  from  a 
special  pre-test  check  list. 


Instrumentation  Systems 


Transducer  rnquiremenrs  for  Phases  I,  II,  and  III  are 
described  separately  in  the  following  paragraphs.  Data  recording 
sod  fisi  1  IIM.1  lysis  equipment  are  specified  as  part  of  a  mobile  instru¬ 
mentation  van  which  is  used  for  all  tlir<'e  phases. 

The  basic  Instr'snentatlon  system  components  for  Phase  1 
mcasuresients  sre  IndlcafeH  In  Fig.  A-1.  The  sound  pressure  level 
is  converted  to  an  an.nlog  e’*»etrlrjl  signal  by  a  riicrophone . 


A-3 
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Microphones  are  to  have  a  frequency  response  within  ^  2  db  from 
5  to  10,000  cps  Several  lypen  wlt'.i  different  sensitivities  are 
necessary  so  that  sound  pres^'ure  levels  ranging  frotr  70  to  170  db 
can  be  measured.  The  linear  .Ivnamic  ranf'e  should  b*.  at  loast  "iO  <Ib 
for  each  type.  If  suitable  nicrophones  are  available  that  do  not 
need  special  power  supplies  other  than  batteries,  a  lar^e  amount 
of  cabling  can  be  1 1  iralnat-jd  in  a.alclng  field  measurements.  Wind 
screens  are  also  necessary. 

Kor  Phase  H  measurements,  the  to 'lowing  additional 
instrumentation  syst'Mis  are  required' 

1.  Accolerosieters  and  associated  amplifier'i. 

2.  Meteorological  balloons  snd/or  radiosondes. 

3.  Sound  geiieialing  system. 

1).  Temperature  gradient  measuring  system. 

5.  Wind  speed  gradient  measuring  system. 

6.  ■'■urbulence  measuring  system. 

7.  Various  standard  weather  instrumenrs . 

8.  Seismic  recording  system. 

Portable  tape  recording  system. 

A  block  diagram  of  an  accelerometer  system  is  .shown  in 
Fig.  A-2.  Lightweight  piezoelectric  type  acceleron-iet-'rs  and 
transistorized  amplifiers  are  nv’st  satisfactory  for  operation  in 
high  Intensity  souiid  fields.  The  accolf rometers  should  respond 
to  vibration  excitation  Irrespective  of  their  orientation. 

The  sound  generating  systems  ..hould  cuuiiat  of  controlled 
chorgi"!:  of  different  weights  and  capeh’.e  of  hefng  Ignited  at  various 
altitudes  up  to  approximately  10,000  ft.  Ocher  missiles  with  less 
thrust  avid  operating  near  the  proposed  site  are  also  satisfactory 
sound  sources. 


The  t.'u.pe ritur..  gradient  irr  isuring  Eysten:  should  corsist 
of  a  st*i  U;8  of  tempei  dCute  sensing  devices  (thennocouple.s)  spaced 
logarithmically  in  height  on  bO  foot  portable  meteorological  towers 
and  connected  in  pairs  so  as  to  measure  the  temperature  differences 
between  adjacent  levels  on  the  tower. 

The  wind  speed  gradient  system  consists  of  high-speed 
cup  are-mometer '  located  at  approximately  the  same  positions  on  the 
to’.rers  as  the  temperature  instruments. 

Wind  fluctuations  in  speed  and  direction  due  to  turbulence 
are  to  be  detected  by  the  combination  of  three  transducers,  a  wind 
direction  vane,  a  thermister  anemometer  and  a  hi;tli-speed  cup 
ancmoircter . 

Meteorological  balloons  .should  provide  wind  and  temperature 
data  at  interval;:  -'i  '•Of)  fee-  from  the  surface  to  1?,000  feet  altitude. 

The  standarJ  weath.M-  inslruitents  re4uirci  include  wiod  speed 
and  direction  indicators,  temperature  sonsors,  relitive  hueiidi-y  and 
herometr ic  pmsure  recording  units,  and  ma*imuni  and  ■ninimum  r.hemomecers 
(Including  a  sling  psychomete  *)  all  located  in  J  s’tandard  meteorological 
she  1  ter . 


A  block  diagram  of  a  suitable  teismic  tipe  recordin'^:  system 
is  shown  In  Fig.  A-3.  The  system  ‘ihould  be  c.-ipable  of  recording 
ilgr.j'i  fr.nm  quarry  blasts  .and  from  grounif  vibrstlons  generated  by 
acoustic  signals  from  surface  explosions. 

the  Inst  rumentat  t  .Oil  systems  required  lo  conduct  Phase  TTl 
measurements  arc  essemiallv  the  s.nn>e  hr  those  tor  the  Flu  se  II 
cyctcr.E  c'.'cepf  •h.Tt  the  c-.  nd  s.iu;  cc  ;r.  now  an  accelerating  rocket 
booster  engine.  In  addition,  strain  gage  transducers  must  be  used 
w:t:i  tr..-  acce er«'  m  measure  strain  and  '/ibration  ot  nearby 
stru«.t..rcs  and, for  of  sensitive  vehicle  tracking  equipment.  Strain 
gages  must  be  sma' I  rosettes  having  a  minlmi..T!  resistance  to  ground 
of  in  megohr-s  snd  ’  g.nge  factor  of  .nt  least  ?.  All  strain  gage 
installations  must  oe  weathei  proof ed . 

Calibration  equipment  should  consist  of  insert  voltage 
devices  for  .ill  systems.  Oscillatoi  .s,  osc  1 1  losccpes  ,  electronic 
c.ounters,  and  VTVM's  should  be  .ivaiiab'.e  for  monitoring  the  variou.s 
input  '?nd  ''I’tp’Jt  ;infi  t  .’p  qii#*nF' '  *• «  .  Acjj^'tic  sensitivity 
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calibratoTB  foi  all  TiLt -phones  sre  e1»o  n<>.~rssary.  Arc eleromerers 
should  be  periodically  calibrated  on  a  shake  Cable  t.o  check  their 
senalclvlty.  Block  diagrams  for  calibration  of  uilctophones  ai^'’. 
accelerouveters  are  glve^  In  Fly.  A-4.  Portable  tape  mcordeis 
(Ampex  600,  or  331,  etc.)  and  ulcrophones  are  also  necessary  fni 
recording  the  Incident  noise  In  connunltles  surrounding  the  mlssilt 
base . 


Data  recording  and  data  processing  equipment  ihould  be 
insLalled  In  a  mobile  inatrnment/.t Ion  van.  The  van  Itself  should 
have  Che  following  capabilities; 

1.  Tiduspui.  lablr  by  air  (usually  a  senii'Crailrr) 

2.  Conscructnd  for  adequate  noise  reduction  plus  durability 

3.  Contain  work  benches,  storage  space,  and  equipment  racks 

4.  Heated  and  air-conditioned 

5.  Contain  observation  windows  and  flood  lights  for  night 
operation 

6.  Self-contained  electrical  power  source 

The  essential  coiaponents  of  Che  data  processing  system 
lire  discussed  subsequently.  The  no-st  Important  units  housed  in 
the  trailer  for  recording  purposes  are  the  ?"sgneric  tape  recorder, 
amoliflers  and  power  supplies,  calibration  equipment,  cable  reeling 
devices  and  cables,  and  radio  receiver  for  timing  detection  (WWV) . 

The  data  recorder  must  he  a  high  quality  KM  magnetic  tape 
recorder  and  have  a  dynamic  range  of  at  least  40  decibels  (e.g., 

Ampex  Serlf-a  FR  600).  Speed-lock  and  timing  should  be  available 
along  with  facilities  for  v(-ice  annotation  on  the  tape.  Tape  loop 
aiechanisms  are  also  necessary  'or  data  reduction. 

Au.plificrr  suppllct  to'-  a>i  'sicropnones ,  acce  lerorietf  rs  , 

and  srr.'iir  gages  ru-st  be  .-.vailable  in  racks  In  the  instrumentation  v;in . 
Tliose  ur.lta  howevi-r,  .should  be  mounted  for  easy  remov-’l  If  neccs.-iary. 

The  gain  of  the  amplifiers  should  be  controllable  In  calibrated  steps 
with  a  large  enough  Jvnamlc  range  to  accomodate  any  situation  which 
may  arise. 
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il.)  ACCELEROMETER  CALIBRATION  SYSTEM 


ri<-  4-1  CM.lf.RATI'iN  S  STEMS 


Hcaaurerient  Procedures 


Achit-veccat  o£  the  tield  test  progr^im  goals  is  best  assured 
by  taking  the  systernttic  approach  and  cuterully  outlining  test 
procedures.  The  initial  step  is  to  prepare  a  aui table  lest  cUrecrive 
which  defines  the  exact  kind  anJ  anoimt  r,{  rhe  moisutenients  Lo  be 
made  during  the  test.  Liaison  ^oetween  the  various  groups  foncerned 
with  the  measurement  program  must  be  established  and  mairttsined  through¬ 
out  the  program.  Qualified  field  engineers  and  technicians  must  be 
obtained  to  make  the  measurements. 

Next,  a  l,.bw.  •.v..luatlon  of  the  measuiament  aysten  i.« 

necessary  to  determine  the  tol lowing  properties  and  characterisiccs . 

1.  Free-field  calibration  of  microphone  systems 

?.  Pressur?  calibration  of  microphone  systems 

3.  Response  of  all  transducer  syshens  to  vibration  and 
acoustic  excitation 

t*.  tttecu  of  temperature,  temperature  gradients, 

electr .aBagnet ic  radiation,  magnetic  fields,  humidity, 
rain,  end  wind  on  rhe  transducers  and  measurement 
system 

5.  Effects  of  transient  overload  and  power  supply  volt»ge 
variations 

Microphones  f-r  the  Phase  1  measurements  should  be  positioned 
by  using  a  surveyor's  transit.  Line  arrays  of  t.'ansdnc'TS  should  be 
placed  at  selected  Intervals  orlginacing  frori  th®  laurrh  point  and 
extending  out  to  about  2  miles.  A  reference  nlcrophonc  should  be 
maintained  if  more  than  one  launchl  ^  Is  required  to  complete  Lhis 
array.  These  arrays  are  to  be  spaced  »r  i  .nrimuth  interv.ila  to 
determine  the  directional  char.,cter ist ics  of  the  sound  source:  however, 
examinaricn  of  the  launch  configuration  may  indicate  certain  syimetriral 
properties  whlci;  will  ma'xe  s^’cne  measurement  arrays  redundant.  N.icropbonc 
should  be  niounted  so  that  adverse  effects  due  to  ground  ;  '’lertlon  and 
non-parallel  Incidence  of  the  sound  waves  on  t'^e  mlcrophon"’  dl’phr.sgm 
•re  minimized. 
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Microphone  preamplifiers  aie  Lo  be  Joe. 'ted  in  af  near  an 
amblenr  environment  as  possibl';:,  however,  •‘hoiilu  ihi:j  prove  i...  h.. 
impractical,  vibrtr^'on  isolsti>>n,  .acoustic  absorption,  and  temperature 
shlelalng  should  be  provided  as  necessary. 

Prior  Lo  the  test,  .-.ncn  mlcrof>h.''ne  s'.'stav  should  be  chrektd 
'or  frequency  response,  Hniarity,  sensitivity,  dynamic  ranj^e ,  orid 
:> igna  1  - tD-*'.oibe  ratio.  The  frequency  lesponse  and  sensiLiviry 
should  be  recorded  on  the  magnetic  data  tape,  however,  tlie  SciSlci'/ity 
check,  made  by  us  inn  an  ccoustic  calibrator,  should  be  placed  on 
the  rape  as  near  to  th.t  time  of  the  teat  as  is  possible.  Also,  the 
sensitivity  of  the  system  should  oc  chosen  so  that  the  rms  value 
of  tin  expected  Input  signal  to  the  FM  tape  recorder  does  not  exceed 
367.  of  full  scale  modulation.  Sensitivity  calibrations  are  also 
needed  at  the  conclusion  of  the  test. 

The  following  meterological  data  trust  be  determined  prior 
to  the  test  : 

1.  Wind  speed  and  direction,  wine  grad'ont 

2.  Temperature  (wet  .i.nd  dry  bulb)  and  temperature  gradient 

1  Rel<'itiv.'f  humidity 

A.  Amount  of  turbulence 

These  data  are  to  be  measuied  at  the  portable  towers  and 
shelter  near  the  instrumentation  v.nn.  However,  aciiitiunal  data, 
available  from  the  missile  base  melcro low ic«  1  group  should  also  be 
obt  ained . 

In  Phase  II  the  ground  to  ground  and  air  to  gr''und  sound 
propagation  measuremenis  require  a  sound  source  of  sufficient 
jiiiciiaiLy  C.>  be  id-o!  ( fix'*  •’  rj*rJ''’  remote  areas  (up  tc  15  miles). 
This  source  must  .i  1  so  be  -noblle  enough  to  be  p  i  seed  at  various 
eievatiiiii  angles  above  the  gtou-rf  Th.  ground  vibration  source 
must  also  be  of  sufficient  Intcnsitv  to  be  detected  over  these 
laiiges  but  need  not  be  7V3bl!o. 

L.'ne  .irrays  of  .nic rupliuuc s  '.r,  .'.r  cr :  .".-.r"  i 

Ciri’und  vibratiun  ■l•.c•asul•■^lcntc  •..111  be  m.ide  with  .arrays  of  seismic 
pickuos  similar  to  tlioit  ot  the  micropbores.  A  rcfcrc-nce  voltage 
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should  be  I  laced  on  the  magnetic  li.^tn  cape  for  all  vibration 
pickups  in  lieu  of  the  acoustic  sensitivity  check.  The  meterrological 
data  boeririea  rt»i  Phase  I  is  al*''  reciiireil  Inr  '^hase  II. 

Microphones  for  the  i'hase  III  ;:icasureinents  should  he  positioned 
about  the  missile  ttacUing  equipment  or  structure  on  which  the  v;.bration 
is  CO  be  determined.  Microphone  arrays  should  also  be  located  in 
both  the  near  and  far  field  posit  to-:  rc  I'hase  I  and  Phas**  IT. 

Acce I ''ro.'Dotcrs  should  be  placed  or.  sensitive  areas  of  the 
equipment  but  care  must  be  taken  so  that  th  ■  tr.msducer  weight  does 
not  aiie<.i  i  ne  vihcatiun  response  of  the  item.  Measuremeiit  should 
e  iiiade  tn  three  axes  anJ  where  possible,  all  accelerometers  set 
into  place  with  a  torque  of  20  inch- lbs. 

All  strain  gages  must  he  thoroughly  bonded  to  the  test 
specimen  and  weitherprooferl .  Resistance  to  ovonnd  should  be  above 
10  .-.-sohms  and  a  gage  factor  of  2  is  required. 

Meteorological  data  as  previously  noted  is  also  required 
for  Phase  111. 

S.>ur,l  pi'tSSui'c  level  !;urv»ys  wfll  be  made  In  >he  surrounding 
communities  with  microphones  .ord  portable  tape  recorders  during  launch 
operations  A  connunity  aurvev  uue st i nnna i re  will  also  be  clrnilated 
to  determin*-  the  reap.nrse  ( i  lin  incident  noise. 


Date  riocesaing  md  Redm  tlon 

The  measured  data  fr.om  all  microphones  will  be  processed 
in  octave  and/or  1/3  octav»  b.ands  The  vibration  pickupt  and  strain 
g,-.gr  will  b-  processeil  in  narrok'  bands.  Data  reduction  enuipmtnf 

.should  he  available  in  the  instrumeni  at  ion  van. 

Kquiprjent  for  rcdu»tion  oI  microphone  signals  will  consist 
.-«t  iirr.^ve  ••o  i  W1  ictave  filters  with  centei  irt-quencies  ranging 
fr'.  I  Lo  10,000  cps.  \  gi.iphit  icvc;  reicrder  is  needed  which 
hoc  k.-n>ni»"ry  respori.ae  and  p.-n  rwiiiiarics  capable  oi  nc  c  u;  ,•  i  e  1  y 

recording  both  high  .and  low  Iroquency  data.  A  multichannel  vi.sit  order 
or  os  i  1  l.jgr.iph.  rhojld  be  .available  for  teducin/  dot.o  channels 
s  i.Tu  1  caneous  ly  witb  suitable  time  stales.  Polaroid  camera  is 
-equired  .'■dd  umet  be  .adapt.ible  to  an  osclllortopr  Aut  crerre  1  a  t  ion 

dev  .  ire  rt-qulred  for  co.npirlng  dat.i  it  separate  locations.  A.l 
equip'sent  rr.uit  *'e  calibrated  frequently  to  insure  compliance  with 
the  ii.anuf.it  turer  '  u  spccificat  lor.s  . 
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Equipment  for  narrow  band  rediirr<rr>.  shoulU  consist  of  « 
Tiaiiujl  an<.l  an  automatic  sweep  system.  Equipment  for  dctentining 
the  statistical  a.Tibtiriop.  of  ••he  amplit  idc  of  the  data  ^le  also 
necessary . 


lata  should  be  reduced  .  rom  a  dupiic.te  of  the  original 
data  magiic  :  ic  tope  lo  avoiq  darriag  .iig  the  master'  tape.  Anslysi-s  of 
the  percen:age  of  nodulatiun  on  each  track  are  to  be  made  prior 
to  reduction  to  note  the  possibility  of  r on- 'inear  effects  in  the 
recording.  Frequency  calibration  and  reference  Lores  are  to  Ise 
ployed  bach  through  the  reduction  equipment  and  recorded  on  the 
g’-aphic  level  recorder  prior  to  reducing  the  data.  Any  diffe-.-ence 
between  the  reference  calibrations  and  the  data  must  be  noted. 

Tiwell  Lime  for  all  narrow  band  data  must  he  a  fpinirium  of  one  second 
per  cycle. 


Acoustic  data  should  be  reduced  in  c.verali  ar.d  cne-third 
octave  b.nnd  levels  from  IbtolO.OOO  cp.s  versus  time  for  each  filter, 
accelerometer  data  in  g's  or  g^  per  cps  from  10  to  2,000  cps,  and 
strain  gage  data  in  strain  levels  from  5  to  2, SCO  cps.  The  output 
signals  from  the  filters  should  be  recorded  on  a  gr»p*'ic  recorder. 

In  or<ler  to  iriinfipizi-  errors  ^r  deviations  in  the  data  due  to  its 
statistical  nature,  it  Is  necessary  to  broaden  ihi-  filter  bandwidth, 
or  increas*  the  dwell  time  per  cycle  whan  processing  data  of  sbor*' 
(ijr.^rion  F.ir  verv  short  durations  of  data,  digit.al  methods  ’4111 
be  used  to  obtain  the  trequcncy  spo, tra. 

Analyses  ot  Data 

The  data,  !tav  ing  bteti  reduced  I  rom  the  magnetic  tape  tc 
recorder  strip  chaiis,  is  now  ready  lor  analyses. 

The  data  obtained  during  tht  Phase  I  measurement  progra.n 
consists  of  near  and  tai  field  acoustics  generated  during  the  vehicle 
launching  h'roa  (best  data  the  power  level,  directivity  of  the  source 
as  a  tunctlon  of  time  from  Iq,  and  the  1 iO  db.  135  db,  110  ub,  and  87  db 
cont.Tiirs  of  tqu.al  sound  pressure  level  cm  be  determined  and  plotted. 
Plots  of  amplitude,  frequency,  and  elevation  angle  plotted  for  various 
"■dimulh  angles  and  locations  on  isomelrlc  orthographic  paper  will 
show  the  changes  in  the  noise  characterlsltcs  ebout  the  vehicle  during 
the  launch  and  carl-/  fl'ght  phase. 
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Similar  characteristics  the  ;iro'>r.'i  borne  vi'ora c  .Dr’s 
are  to  be  plotted  anri  che  1/1  g  rcitour  determiiu -J .  Grcanti  cv.piacemi-rit 
plot!  as  a  funci  ion  •'I  distotice  and  lime  are  to  be  plotted  also 

The  data  obtained  during  Phase  IT  determine  rl'e  jirjpag.itlcn 
characteristics  of  the  air  iih*  ground  about  the  launch  site  as  a 
function  of  tC2.pcrature ,  hutpidity,  soil  type,  etc.  These  characteristics 
are  to  be  plotted  as  a  function  of  attenuation  ot  amplification 
(focusaing)  per  1000  feet,  licqucr.cy,  .•.nd  other  pertinent  pa-amef  pts  . 
Indicated  areas  of  large  aoiplif ication  should  be  defined  as  well  as 
possible.  Attenuatlcns  determined  fiom  the  measured  prop.agation 
data  are  then  to  be  applied  to  data  obtained  from  Pb.ase  I  ii>edSiirenicncs . 

Data  from  Phase  III  will  define  the  imident  excitation 
and  the  lesponse  of  various  vehicle  tracVi'-g  equipment  and  nearby 
structures  during  .artual  launch  operations.  Plots  of  amplitude  vs 
time  and  amplitude  vs  frequency  are  to  be  compaivd  to  detern-tne  rhis 
response.  Community  response  may  also  be  calculated  more  accurately 

After  the  contours  of  equal  SPT,,  1/3  g,  and  critical 
disp' arements  have  been  determined,  the  probable  damage  th“'.  will 
occur  to  pera.innel  and  structures  located  within  these  area.s  may 
be  assessed.  The  comparison  of  the  theoretical  calculations, 
modified  by  the  meiSuted  propagation  characteristics,  with  the 
actu.sl  data  will  also  revosi  the  accuracy  o'  these  calculations  in 
pieui«.ting  nassrdoua  ureas  in  tne  future.  '.ne  phyaica.  or 

instr'jr<enr<>rlon  error  cauaed  bv  vibration  ir.  critical  equipment 
will  also  reveal  existing  harard  areas.  Cor^prrison  -l  predicted 
and  actual  community  response  will  show  to  this  it.iponsc 

18  due  to  actual  incident  noise  or  personal  bias  ni.iiuct  the  rocket 
bese . 
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APrENDIX  B 


GAS  RELEASE  AND 
AIKOSPHERIC  Dr^.'IUSION  TESTS 


The  atmospheric  dispersion  and  ditfuslor.  of  propell/’nt 
vapors  has  not  been  tosted  in  any  deilnttive  manner.  Some 
neasnr.-'rr.rr.t :  p»-r>p«»  I  lant  vapor  concentrations  have  beer,  made  In 

t  on  June  t  ior.  with  other  work  but  insiiuitenCat  ion  foi  ibis  purpose 
has  been  limited.  Somt-  i'^igbr  into  the  mechanisms  of  iiLii>jsphei  i«. 
dilution  has  been  gained  trom  field  tests  of  ether  contaminant's 

A  .survey  of  prior  work  indicated  that  of  the  tests  m.ide, 
very  few  were  adequately  pLinncd  'ith  regard  to  p-.iperly  sltuaied 
«a’"pHng  stitlons  and  choice  of  release  condltioits.  Most  of  the 
practical  lore  on  atmospheric  diffusion  nus  ut-v  loped  >.rom  visn.il 
observation  of  smoke  patterns  from  stacks  and  chlnine/s  (Kjf.  3!). 

The  diffusion  of  airborne  radioactive  particles  w&s  c x.sm'.n.-c!  from 
planned  relfCjtci  fer  -  fc’..'  niontb'.  Ir.  1959  and  iRpf  36(. 

Projections  of  ihis  information  to  the  needs  of  launch  site  planning 
is  judged  to  be  Inadequate. 

Two  categories  of  Information  are  requirec.  lo  charai.  i  >.  i  i.:«. 
f'e  lo^lc  hazard  of  a  potential  laun'-h  site:  (!)  test  dnt?  rpl"'in>' 

'.o  the  injection  of  vapors  lot''  the  ’iswisphere  and  fdj  test  data 
relating  to  atmospheric  diffusion. 

Specifically,  these  data  ire  devei'iped  from  spill  tests, 
using  toxic  vapor  detectors,  and  fram  measurrmenr s  of  .atmosphtric 
turbulences.  fpill  tests  and  atmospheric  tarbul^.r^;  terts  ni.iy  be 
performed  separately  but  both  ere  i  •_  :.r;rii:r.-iideri  »  tt  pr'-per  dnciiment  .t: -.on 
of  the  expected  harards. 
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ihe  Dil'.^tio!.  Process 


If  the  ^«ir  is  still  .inu  tempHralure  gr<i  J  i  c  ..t  3  arc  stable, 
there  is  no  strong  tendency  tor  .apors  from  a  pool  ot  i  cm.id  la 
disperse  This  condition  often  prevails  hip  a  few  leet  cl  the 
grour.d  oven  though  at  the  time  there  may  be  winds  aloft.  Hic 
intcm'ingling  of  air  masses  develops  when  turbulence  is  tteated, 
either  by  the  "tumbling"  of  the  air  as  the  wind  bl.>ws,  or  by 
"boiling"  a.s  heated  air  tlows  upward  from  the  ground.  The  eddy 
uattcr.:;.  of  air  tur'-ulence  tan  sometimes  be  seen  wntr.  da.sr  or 
smoke  is  in  the  olt 

On  a  large  scale,  the  dilution  of  vapors  released  trom 
a  point  can  be  pictured  as  a  process  ot  uniform  dlltuslon  even  though 
rhe  actual  mechanism  involves  discrete  inhomogeneous  mastes  of  air. 
The  hxiial  mathematical  model  of  rhe  dilution  process  has  as  its 
basis  the  fundat-enta!  law  of  ditfuclon 


tahich  relates  the  ins'antaneoas  concentration  at  any  noiiil  x ,  y,  i 
as  a  tunc* ion  of  the  concentration  gradients  and  the  elaprc'^  'ime,  t 
The  diffusion  coefficient  K,  must  be  developed  from  many  metcoro log ic 
varlabl.-,  of  '..'hlch  the  pt  inclpt!  ''net  ..rr  the  velocity  and  temperature 
pro! lies  ot  the  ait  ami  < l.aracter izat ion^  o!  wind  gustiness 

However,  even  the  nosl  sopn  i  st  Icat  ed  m.a  t  hema  1 1  ca  1  analyses 
lenoice  the  use  oi  gross  assumpt 'c-c.  s  and  spprox  Ima  t  ions  Sutton's 
equation  is  a  uerivaiioii  based  on  desrrintlon  of  the  wind  velocity 
profile  'jv  a  simple  formol.a  with  ■'  numerical  constant  chos:n  to 
rcprcsc'^  the  ntinosaher  ic  lapse  rate  The  equ.it  ion  l»  pc.iic.cnt 
IOC  I  ''.r.cCch  u  3 uc  t  c  d  grouiiu  ••ui  face  witii  ,i  unifor.T.  wind  .anJ 
with  .slaole  atmospheric  condilleiis  as  is  coiimon  ri'TUtg  the  .ittcr- 
dawn  or  at  ter -sunset  *>ours. 

for  other  situations,  tiiere  is  n.o  gem-rnl  ‘'nrmiila  which 
will  apply  An  empirical  gas  release  test,  or  a  series  of  costs, 
at  a  sperltlc  .site  would  supply  the  needed  ir.tormation  (towever, 
to  duplicate  a  full-scale  vehicle  m-al  function  for  the  sake  ot 
dispersion  ..’.aiysis  seems  imprzttical  The  a  1 '  er  ns  t  i  ve  ,  therefor*', 
ir.  to  perfor.'ii  sub-scaie  tests  and  develop  a  t.ible  of  meteorological 
paiamecers  correlated  with  familiar  climitic  conditions  .it  .i  cpc,.ific 
•Site  from  which  to  assess  the  downwind  concent  r.at  ions  lollowmy  a  re  le.is. 


For  Illustration,  Fig.  B-1  is  a  contour  map  of  the  bluf 
area  at  the  foot  of  the  Sarta  Ynez  Mountains  near  Point  PedernHins 
cn  '  IJi'uTA,  an  3r^“  which  has  been  suggested  as  a  launch  -Ite  '^or 
a  mult  I -million  ib.  launch  vehicle.  The  map  shows  an  area  2  0  x  2.5 
miles  in  extent  witr.  the  ..^::terr>  edge  at  sea  level  and  the  f.ites  of 
the  mountains  up  to  typical  elevations  of  750  ft.  The  ridge  line 
of  the  mountains  Is  a  short  distance  to  the  east  at  a  nominal  elevation 
of  lOOO  to  liou  It.  “it  ..  f’  air  ow»r  this  is  29h  billion 

pounds.  The  anwiunc  below  1000  it.  :  ti  aSeui  5  billton  pc'unds. 

Twrii  rhls  erormous  airount  tpf  aii  wiiulu  dilute  5  rti  l  ion  1b. 
spill  of  "r.  1000  parrs  per  itiliior.  if  the  riixit  a  were 

Inalantsneous  and  thorough.  Following  an  actual  spiJl,  fumes  will 
flow  in  channels  over  the  ciesi  of  the  mountains  eventw.i!!.  to 
dil  -.red  the  urobstructed  ait  ni.-ss  passing  abiiue  1000  ft.  Th-r 
flow  pattern  through  and  beyond  i.'c.e  •mountains  i«  nni  *"''>n.  Kurmern'or  t , 
as  shown  in  Fig  B-2,  the  local  wind  and  the  point  of  i-lcase  will 
affect  the  downwind  concentration. 

Spill  feats 

The  objective  of  performing  spill  test®  1»  to  provide 
niaierical  values  of  vapor  concentrations  in  air  within  a  few 
thousand  feet  of  the  point  of  release.  Diffusion  of  vapors  in  the 
region  beyond  can  then  be  estimated  from  knowledge  of  atmospheric 
turoulence. 


Of  the  two  propellant  systems  seriously  considered  lor 
multimillion  pound  thrust  engines,  liquid  oxygen  anJ  hydrocarbon 
rate  low  as  toxic  agents  but  nitrogen  tctroxlde,  hydrarine,  and 
iiTWH  ratt  high  lusts  arc  -licrcforB  designed  for  the  latter 
propellant  system. 

Spi'ls  of  fuei-i-tto-oxldl  ret  ,  oxld  I  r.er  -  into- tuc  1  ,  and 
‘  Idc- hy-8 ide  are  re*  ititoended  in  r-.-irn  case  to  measuie  i  M*  I  wy  ud 
f  orT..ai  lor. ,  cIccH  sire.  -Hrectlor  ti  travel  bouyance  ettects,  and 
duration  of  burning.  Tests  s’.iojid  be  made  In  high  and  !o'>  wind, 
and  in  stable  aiivi  i.rstable  air.  Sampling  stations  around  rne 
of  re'ease  will  define  the  cioud  Sv  Itp-  vaj -r  coriccr.t :  U  i  ci"* 


rl'O  spill  testo  j.hould  De  SLariea  u  .  iiii;  ro  i  il  i  vi‘ i  y  bt  i  ■ 
quantities  of  propellant  ii'o  >  1  iowii-y  tests  are  recoiranornlee 
in  u  ial ly . 


(1) 

Ten  gallont  ci  fuel  released  into 
oool  of  oxldlxer. 

a  100  gali.-'ii  shall' 

(?) 

Ten  gallons  of  fuel  rele-’seii  into 
pool  Of  tdizi  r 

100 

gallon  '.'eep 

(1) 

Ter  palloiii  of  oxidizer  roiiaseJ  into 
«1a!K  '.  p.!0  '  ''f  1  ,!<•  1 

1 0 j  g a  1  1  n.. 

Ton  aallo.ns  ol  p.xidi/er  re  I;  ibci  i 
deep  pool  of  fuel 

I*  L  • ' 

iC'J 

Ci) 

Fifty  gallons  of  fuel  released  on 
oxidizer,  both  in  flimsy  drums. 

i  1 1  ty  i  ion.> 

(b) 

FI  tty  gallons  of  oxidizer  reloisetl 
"f  fuel,  both  in  1 1  im.sy  druiis 

on 

f  If  ty  p,a  1 1  ons 

(/) 

Fuel  and  oxidizer  sprayed  in  seDaiatc 
gallon  per  sec.  on  a  r'^r.ion  spot 

ntif.'.m*  at  one 

A;>prvi>.lniately  four  tests  of  similar  character  to  the 
•"•t.'  '•  "  s  should  be  tonduefed  iisint;  tta  times  t’.iu  ir.ilial  quantities 

These  lest  should  be  chosen  to  best  extrapolate  ihc  useful  informtlon 

.\t  'east  one  tost  Involving  apyroy.in t ••  1  ;•  10,000  itallons 
o;  propellant  should  be  conducted  using  a  tankage  configuration 
siiT'iiar  to  what  ray  be  expected  loi  the  larger  size  vehicles.  1  he 
test  conililions  •■h'>u'd  be  rhos.-n  to  slmutate  s  1  I’d.'.'  vi  in  lo  o"  ■ 

'  ■iun''h  pad  . 

instrumentation  roi  the  spill  tests  would  c'^nsist  oi  a 
toxic  V  ipor  I  •■iice'.l  r.af  !  ...  r  "cLwcri;.  hia  iieLw'rk  is 

conceived  as  a  series  of  detector  d'*viccs  .ind  a  central  data 
rocir-ier,  with  accessory  powet  i-ickc,  uata  links,  amp  1  i  f  le  i  , 
compa  r  •<  1 1 V  •  reterence.s  ai.d  sigp.st  .■•'ltclc>rs  •  i  ocoimnonaed  detect'  t 
ii  rh.-  ni.I  1  point  r.'o  I  r.iret  r  ic  Cell  whi'h,  .ad.ipteil  either  tor  oxidi.rcr 
or  ue  1  ,  reRlster.s  a  cont  inu'sus  signal  in  rr.l  ;  1  Ivu  1 1 »  propor.  iiial 
to  the  toxic  v.mar  coiireo’ i  .o  on  Ochei  cl-, rents  suggC'ted  loi  '.re 
t  rao'r  I  r  j,ir,  .mo  •'fcording  sybiof.  .ar;  .ihovn  ;n  fre  block  diagr.im  ci 
Dr.  p  r 
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Figure  B-4  suggests  a  partem  for  sampling  station  locario.is. 

The  r ittern  l«  nerely  illustrative  and  not  necessarily  optimum  for 
tlie  niiirher  of  1  istruments  employ'd  *;9ch  station  requires  two  pjirs 
■;f  detectois,  one  pair  (for  fuel  ar.i.  cx.ioizer)  near  the  grou'id,  and 
.mother  100  ft.  elevation. 


Atmospheric  Turbuicne.--  Tests 

The  data  required  are  obt.ained  from  Instruments  such  as 
anemometers  and  vanes  to  record  continuously  the  short  term  and 
long  cyclr  virid  t  !u-.  tuations .  These  must  be  plarrd  on  hilltops, 
in  gullies,  in  tne  passes  through  the  ridge  line,  on  the  lee  sides 
•  >;  Mil..',  and  on  upwind  slopes.  The  object  of  such  measurements 
is  to  identify  the  random  turbulence  it  each  station  and  to 
characterize  the  turbulence  numerically  in  such  a  manner  as  cw 
correlate  the  disturbances  with  the  more  obvious  weather  indicators. 

Diaturbancos  of  the  aii  at  each  station  can  be  considered 
in  terms  of  frequencies  and  amplitudes.  in  a  continuous  record 
over  a  l.'ug  tlr"“,  th^re  will  be  high  frequency  cycles  from  gurrs, 
longer  cycles  from  breezes,  cycles  associated  with  daylight  ani 
darkness,  tendeiic<es  of  .1  veck's  duration  and  loncer  tendencies 
which  repeat  yearly.  Obviously  the  seemingly  random  and  erratic 
nature  of  air  turbulence  can  be  treated  on’y  aratiatical iy. 
Practically,  test  period  will  be  for  representative  short  time 
Intervals,  long  enough  to  establish  average  values  and  frequent 
cnouftli  to  detect  changes  with  chang '  .ig  climatic  conditions. 

For  a  thorough  survey,  fcver.il  spots  should  be  studied, 
chosen  in  such  a  manner  as  to  typiry  tlie  cor.|.Icte  rhararter  of 
'■he  tem.in.  Inst’uc<e.nt9  should  l>e  mounted  on  malts  at  elcval  ioris 
Irun  4  ft  to  1  }0  ft.  above  ground.  E.acli  iustrumeiii  cluster  should 
provide  for  t.^.c  mcasurrirenr  of  both  ho’"' .'•ontal  and  vertical  wind 
velocity  and  Jlirrctlon,  with  undamped  anetrom.Ts*  s  and  vanss  (time 
.-oi',';  t-..'.t  0.5  sec)  .a>'H  a3try««d  .-.ne  s  f  t  loie  con.-t«'t  5  to  15  sec). 

IP  addition,  data  Is  needed  on  local  air  ccmpir  atvire ,  haioinetk’ic 
prccrure  and  soil  tempirature  The  .isily  and  hourly  climate  ot 
the  area  will  be  correlated  with  the  observations  i>f  turbulo.nce . 
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Tn  order  of  Importanc*'  rh^  I<iroTT>nirjoii  to  be  collected 
<*?ch  weather  acatioa  is: 

1  Horizontal  wind  velocity  near  the  ground  ('ow  response) 

2.  Horizontal  wind  velocity  at  .1  height  (l.'w  responat) 

3.  Vertical  wind  velocity  -ccr  thr  ““  •cr.J  ick^/oiifio) 

4.  Horizontal  wind  velocity  near  ground  (hi.„h  response! 

5.  H' tliontal  wind  velocity  at  a  height  (hi|th  response) 

^  Vertical  wind  velocity  at  a  height  (high  re.ipunie) 

7.  Air  tenperatuie 

8.  Differencial  teatperature  with  height 

9.  Baroaetrlc  presaure 

10.  Soil  reaperaiure 

InatruBicntation  'or  each  of  these  TteasurenicnLs  ia  recorsnended , 
but  not  necessarily  a  complete  array  for  each  station  o[  the  test 
networl. .  Elaborate  instrumentation  would  be  a  burdensome  !*xpense, 
and  tremendous  quantities  of  raw  dat.i  will  obscure  Che  purpose  of 
the  tc'ts 

The  tol lowing  items  are  rcconnended  for  a  lb  station  network: 


Maats 

Anemometer 

Vertical  Wind  Meter 

'.iorizontal  Wind  Meter  (high  re  spon.se  t 
Air  Temper. lure  Indicator 
Differential  Teuperature  Indliator 
Barometric  Pressure  Transducer 
Soil  Temperature  Indicator 


IransmissioT  equipment  and  re  .ordlne  eomponeiit .•»  .ire  also 


roqu i red 
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